Table 239. 21 q 

LINEAR EXPANSION OF MISCELLANEOUS SUBSTANCES. 

The coefficient of cubical expansion may be taken as three times the linear coefficient- t is the temperature or range 
of temperature, C the coefficient of expansion, and A. the authority. 


Substance. 


Brass: 
Cast.. 
Wire.. 


71-5 Cu+ 27.7 Zn + 
0.3 Sn + 0.5 Pb.. . 

71 Cu •+* 29 Zn. 

Bronze: 

3 Cu+ 1 Sn. 


86.3 Cu + 9-7 Sn + 

4 Zn. 

97.6 Cu + 

2.2 Sn + 

0.2 P 

Caoutchouc. 


/hard 

\soft 


Constantan. 

Ebonite. 

Fluorspar: CaFs.... 

German silver. 

Gold-platinum: 

2 Au-j- 1 Pt. 

Gold-copper: 

2 Au-fi Cu. 

Glass: 

Tube. 


Plate. 

Crown (mean). 


Flint. 

Jena ther-|i6 in ' 
mometer I normal j 

l“ 59 m --- 

Gutta percha. 

Ice. 

Iceland spar: 

Parallel to axis.... 
Perpendicular to ax 
Lead-tin (soldei 

2 Pb + 1 Sn. 

Magnalium. 

Manganin. 

Marble. 

Paraffin. 


Platinum-iridium 
10 Pt + 1 Ir. 


t 

CXio* 

A. 

Substance. 

t 

C X 10* 

A. 

0-100 

0.187s 

1 

Platinum -silver: 




“ 

0.1930 

1 

1 Pt + 2 Ag. 

0-100 

0.1523 

4 

“ 

.1783-.193 

2 

Porcelain. 

20-790 

0.0413 

19 




“ Bayeux.. 

1000-1400 

0.0553 

20 

40 

0.1859 

3 

Quartz: 




0-100 

0.1906 

4 

Parallel to axis... 

0—80 

0.0797 

6 




“ “ 

— 190 to 4- 16 

0.0521 

21 

16.6-100 

0.1844 

5 

Perpend, to axis... 

0—80 

0.1337 

6 




Quartz glass. 

— 190 to 4-16 

—0.0026 

13 




16 to 500 

0.0057 

26 

16.6-350 

0.2116 

5 

“ “ . 

16-1000 

0.0058 

26 




Rock salt. 

40 

•0.4040 

3 




Rubber, hard. 

0 

0.691 

27 

16.6-957 

0.1737 

5 

“ “ .. 

— 160 

0.300 

27 




Speculum metal.... 

0-100 

0.1933 

1 

40 

0.1782 

3 

Topaz: 







Parallel to lesser 




0-80 

0.1713 

0 

horizontal axis... 

“ 

0.0832 

8 


0.1708 

0 

Parallel to greater 




— 

0.657-0-686 

2 

horizontal axis... 

tc 

0.0836 

8 

16.7-25.3 

0.770 

7 

Parallel to vertical 




4-29 

0.1523 

— 

axis. 

a 

0.0472 

8 

25-3-35-4 

0.842 

7 

Tourmaline: 




0-100 

0.1950 

8 

Parallel to longi- 




“ 

0.1836 

8 

tudinal axis. 

C6 

0.0937 

8 




Parallel to horizon- 





0.1523 

4 

tal axis. 

“ 

0.0773 

8 




Type metal. 

16.6-254 

0.1952 

5 


0.1552 

4 

Vulcanite. 

0-18 

0.6360 

22 




Wedgwood ware... 

0-100 

0.0890 

5 


0.0833 

1 

Wood: 




“ 

0.0828 

9 

Parallel to fiber: 




“ 

0.0891 

10 

Ash. 


0.0951 

23 

<£ 

0.0897 

10 

Beech. 

2.34 

0.0257 

24 

50-60 

0.0954 

11 

Chestnut. 


0.0649 

24 

0.0788 

11 

Elm. 


0.0565 

24 




Mahogany. 


0.0361 

24 

0-100 

0.081 

12 

Maple. 

“ 

0.0638 

24 




Oak. 

<t 

0.0492 

24 

“ 

0.058 

12 

Pine. 


0.0541 

24 

— 191 to +16 

0.424 

13 

Walnut. 


0.0658 

24 

20 

1.983 

14 

Across the fiber: 




— 20 to — 1 

0.51 

15 

Beech. 


0.614 

24 




Chestnut. 


0.325 

24 

0-80 

0.2631 

6 

Elm. 


0.443 

24 


0.0544 

6 

Mahogany. 

** 

0.404 

24 




Maple. 

U 

0.484 

24 

0-100 



Oak. 


1 0.544 

24 


16 

Pine..'. 


0.341 

24 

12 39 

0.181 


Walnut.. 

« 

0.484 

24 


i-7 

Wax: White. 

10-26 

2.300 

25 

0^x6 


18 


26-31 

3.120 

25 


I 

18 

« n 

31-43 

4.860 

25 



18 

ti « 

43-57 

15-227 

25 

30 4y 

40 

0.0884 

3 




References: 

(1) Smeaton. 

(2) Various. 

(3) Fizeau. 

(4) Matthiessen. 

(5) Daniell. 

(6) Benoit. 

(7) Kohlrausch. 


(8) Pfaff. 

(9) Deluc. _ 

(10) Lavoisier and L>aplace. 
(ir) P rdf rich. 

(12) Schott. 

(13) Henning. 

(14) Russner. 


(15) Mean. 

(16) Stadthagen. 

(17) Frohlich. 

(18) RodweU. 

(19) Braun. 

(20) Deville and Troost. 

(21) Scheel. 


(22) Mayer. 

(23) Glatzel. 

(24) Villari. 

(25) Kopp. 

(26) Randall. 

(27) Dorsey. 
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Table 241. 

CUBICAL EXPANSION OF LIQUIDS. 

If Vo is the volume at o° then at t° the expansion formula is V t = V Q (i -f at + + 7 t 8 ). 

The table gives values of a, £ and 7 and of C , the true coefficient of cubical expansion, at 20° 
for some liquids and solutions. At is the temperature range of the observation and A the 
authority. 
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Table 242. 

COEFFICIENTS OF THERMAL EXPANSION. 
Coefficients of Expansion of Gases. 

Pressures are given in centimeters of mercury. 


Cod’iicient at Constant Volume. 


CocUtciout at Constant Pr<- 

.sure. 




(Wife 

0 




! Cttelli- 

0 

Substance. 

Pressure 

cm. 

cumu 

X 

£ 

Substance. 

Picssme 

Ull. 

t ii’ut 

X 

c 

OJ 

1. 


.. . 

luo. ‘ 

X 




, »««». 

U 

« 

Air 

.9 

.37 o< »o 

X 

Air 


;(». 

1 , 3 < 71 

8 


*•3 

.37172 

“ 

“ 


257. 

: '8‘'>m 

“ 

(< 

10.0 

.30030 , 


“ t )"“• loo 

> 

loo. t 

•.’> 9 / 28 

2 

<u 

25.4 

■395S0 


I lydiogrn 

U u -lUU° 

lOu.o 

i . > 9 tx.x> 

u 

14 

75.2 

• 30( ><K) 

it 

•* 


.H a > Atm. 

■882 

9 

“ 0°— 100° . 

100.1 

■ 3<»74 1 

2 

4 ‘ 


4tH« “ 

.2<K 


a 

79,0 

.31 

3 

“ 


Out) “ 

..Mil 

“ 

w 

200.0 

.39903 

*• 

4 ft 


Suo “ 

.24.* 

«( 

«< 

2000. 

.38800 

** 

(';u bon dioxide 

;(». 

1 - 87 to 

3 

u 

1 GOOD. 

.4100 , 

** i 

tl 44 

0° 20 1 

51.8 

I -8/128 


Argon . 

$ l -7 

.3(7(78 ; 

4 


<>°* 4 °*’ 

51.8 

! .37100 

i< 

Carbon dioxide 

79.0 

.3085(1 ; 

8 ■ 


o" ■ tuo° 

St.8 

; -87078 

4< 

U U 

1.8 

-.iOS.i 1 

t . 


O n 2rC 

<> 9.8 


44 

a a 

5 -<> 

•.!<»<>•! 1 

a 

U U 

O u -ton*' 

99.8 

•37410 

44 

44 44 

740 

• 87 -<>-t 

“ 

4 * a 

O u 2<> u 

137.7 

■ * 87‘172 

<4 

“ o°-20° 

S»-« 

•8 (>l ) s S . 

2 ; 


0°~ H>0° 

137.7 

: -37703 

44 

44 44 0°-"40° 

51.8 

•,i<») 7 - 

** 1 

4 * *4 

o° 7,5“ 

2()21. 

.tot 17 

6 

44 44 0°-100° 

31.8 

.3(7981 

a | 

41 44 (»4* 4 too” 

,* 9 / 1 . 

; .(7574 

44 

44 44 o'~20° 

w-tf 

•37385 ‘ 

U 

Carbon monoxide . 

7 <>. 

.3(7(71) 

8 

a a o°— 1 00° 

W'X 

•,? 7 -<’- 

44 

Nitrous oxide 

76. 

•8719 

44 4 4 Q°— I 00 ° 

100.0 


5 

.Kulphut dioxide 

70. 

•.S'X'.t 

.,ii|8o 

44 

Carbon monoxide . 

7 (>. 

. }( >(>(>; 

8 «' 

“ 

“ 

98. 

44 

Helium . 

S u -7 

S 

4 * 


o n no” 

7c. 

..(187 

10 

Hydrogen \ 2 ° 

.0077 

0 

Water- < 

t/’ 1 j 1“ 

7(7. 

.4t8«) 

44 


.02 5 

• 3 ( ‘23 

*• 

o“-l 02" 

70. 

, .4071 

44 

“ I 2 °-I«S 0 

.47 


“ 

vapoi 

o** 2tfO n 

y(n 

•.i'l.i'S 

44 


•98 

.37002 

1 


0*^247° 

79 . 

-8799 

44 

U 

11.2 


a 





44 

7 <M 

• 3 ^ 5 °l 

“ 






44 0°-I00° 

100.0 

.31 >029 

2 

Thomson ban giv 

cti, Kuevc. Brit. Heat.” 1 

Nitrogen I3°~i32° 

“ 9 °~i 33 0 

.06 

•53 

.302 1 

• 32<)0 

0 

the following jot the c.dt nlatmn of tint ex- 1 
p.msion, 1%. between o'Ctud 100“(\ Kxpansitm 1 

44 0 °~ 2 G° 

100.2 


2 

is to be taken as tin 

t hauge t*f volume under 

“ 0°—100° 

Oxygen 11 °-1 32 0 . 
44 . 

44 n°-ij2° . 

(4 

100.2 

76. 

.007 

•25 

• 5 * 

1.9 

i8. 5 

.3(7744 
.391 >82 
.4 t 9 t 

■ 3 *V 

5 

•30( tt 70 

0 

constant piesstn e t 

I Iydtogeiw /• 

Air, /• . 

< >xygen, A 

Nitrogen, /* 

5002ft — .0004*)/CV), 

pK 7 .*( l , 002(7 / 7 ?<), 

t(»t»2( t — .«to \2 l ' /? 7 ) 

s 

pttt.d t - iH> 31 /*/?' 


44 


co* 

/■ 

p.(»2(t V fv). I 

a 

750 

. ;(>(>Xt 

44 

/ /<" is the tatio of the actual density of the 1 

Nitrous oxide 

? 9 . 

.3(70 

8 

’ gas at o'M 

to what it would have at cr (’ and 1 

Sulphur dioxide S< )•> 

76. 

• 8> s 45 

1 Atm. ptessme. 




I! 1 Meleander, Wind. Beibl. t,i, 1890; Wied. 

5 <‘happuis. Arch. 

sr. phys. {4} 

18, l8«)2. 

II Ann. 47, 1892. 




9 Baly Ramsay, Phil Mag, (5), 

58 , 1894. 

| 2 Chappuis, Trav, Mem. Bur. Intern. WtH. 

7 Andrews, Proc. Roy. Sue. 24 

1876 


1 ! Meas, 13, 100^ 




8 Meleander, At fa Sot. Perm. 

19 » 189I 


| 3 Regnanlt, Ann. chim. phys. (3)5, 1842. 


9 Amagat. C. K. m, iStjo. 


4 Keunen-Randall, 

Proc. R. Soe. 59, i8pfx 

10 Him, Thcorir* met. ehaleur, 

l8(»2. 
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SPECIFIC HEAT OF THE CHEMICAL ELEMENTS- 


temperature, Sp^ific Refe- 


Specific Refer- 

temperature, ^ ence . 


Antimony. 


Arsenic, gray.. 
Arsenic, black. 

Barium. 

Bismuth. 


Bromine, solid. 
“ solid. 

“ fluid. 

Cadmium. 


—240.6 

—190.0 

—73-0 

— 190 to —82 
— 76 to —1 
+16 to 4-100 
4-16 to +304 
—250 


.0092 45 
.0889 45 
.190 46 
.1466 47 
.1962 47 
.2122 48 
.2250 48 


500 

.1452 

18 

1000 

.204 

18 

— 182 to 4-15 

.0822 

19 

15-100 

.1030 

19 

-249.5 

.0035 

45 

—223 

.0208 

46 

—18s 

.0532 

45 

-63 

.0865 

46 

4-25 

.0917 

44 

76 

.0937 

51 

84 

.0938 

51 

100 

.0942 

2 

362 

.0997 

51 

900 

.1259 

20 

15-238 

.0951 

43 


Carbon, graphite. . 


Acheson 
Carbon, diamond... 


Cerium. 

Chlorine, liquid. 
Chromium. 


0-100 

.0822 

3 

“ 

23-100 

.0940 

21 

0-100 

.0861 

3 

Gallium, liquid.... 

12 to 113 

.080 

22 

— 185 to 4-20 

.068 

4 

“ solid. 

12-23 

.079 

22 

-l86 

.0284 

5 

Germanium. 

0-100 

.0737 

23 

O 

.030T 

6 

Gold. 

— 185 to +20 

• 033 

4 

75 

0309 

6 

“ .... 

0-100 

.0316 

24 

20-100 

.0302 

7 

Indium. 

0-100 

.0570 

13 

280-380 

.0363 

8 

Iodine. 

—90 to +17 

.0485 

49 

0-100 

.307 

9 


—191 to —80 

.0454 

49 

—191 to —78 

.0707 

47 

i{ 

9-98 

.0541 

25 

—76 to —0 

.1677 

47 

Iridium. 

—186 to +18 

.0282 

26 

— 78 to —20 

.0843 

IO 


18-100 

.0323 

26 

— 192 to —80 

.0702 

49 

Iron. 

—223 

.017 6 

46 

13-45 

. 107 

ri 


-163 

.0622 

46 

— 223 

.0308 

46 

“ 

“63 

.0961 

46 

— 173 

.0478 

46 


+37 

. 1092 

46 

— 73 

.0533 

46 

“ cast. 

20-100 

.1189 

27 

21 

-0551 

2 

“ wrought. 

15-100 

.1152 

28 

100 

.0570 

2 

“ wrought. 

1000-1200 

.1989 

28 

200 

.0594 

2 

“ wrought. 

500 

. 176 

28 

300 

.0617 

2 

“ hard-drawn.. 

0-18 

.0986 

29 

0-26 

.0482 

12 

“ hard-drawn.. 

20-100 

. 1146 

29 

— 185 tO 4-20 

• 157 

4 

“ .... 

— 185 to +20 

.0958 

4 

0-l8l 

. 170 

13 


O tO +200 

■ 1175 

53 

—191 to —79 

.0573 

47 

“ . 

0 to +300 

.1233 

53 

—76 to —0 

.1255 

47 


0 to +400 

. 1282 

53 

—So 

.114 

14 


0 to +500 

.1338 

53 

+11 

.160 

14 

“ . 

0 to +600 

.1396 

53 

977 ' 

.467 

14 


0 to +700 

.1487 

53 

1730 

.50 

52 


0 to +800 

• 1597 

53 

f —244 

.005 

50 


0 to +900 

.1644 

53 

( —186 

.027 

50 

“ . 

0 to +1000 

•1557 

S 3 

— 50 

.0635 

47 

“ . 

0 to +IIOO 

•1534 

53 

4 -n 

.113 

47 

Lanthanum. 

0-100 

.0448 

15 

985 

• 459 

47 

Lead. 

—250 

.0143 

46 

0-100 

.0448 

IS 

“ . 

—236 

.0217 

46 

0-24 

. 2262 

16 

“ . 

-193 

.0276 

46 

—200 

.0666 

17 

“ . 

-73 

.0295 

46 

0 

.1039 

17 

U . 

15 

.0299 

2 

100 

.1121 

17 

“ .. 

100 

.0311 

2 

600 

. 1872 

17 

“ 

300 

.0338 

2 

— 185 to 4-20 

.086 

4 

“ fluid.. 

310 

.0356 

30 


* When one temperature is given, the “true” specific heat is indicated, otherwise the “mean” specific heat. 

1 0.3834 4 - 0.00020(2 — 25) intern, j per g degree = 0.0917 4 * 0.000048(2 — 25) cabso per g degree. (Griffith, 
1913.) 

Smithsonian Table-s. 
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Table 243 {continued ). 



* When one temperature is given* the “true” si>ceifie heat k indicated, utherwwc the "mean” specific 
page sa6 for references. 

Smithsonian Tables. 



































Table 244 . 

HEAT CAPACITIES. TRUE AND MEAN SPECIFIC HEATS. AND 
LATENT HEATS AT FUSION. 
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The following data arc taken 1 mm a research and discussion entitled “Die Temperature 
Warmeiidiahskurvcn der (echniseh wiehtigeu Metalled’ Wtist, Meuthen und Dun*er, For- 
sehungsarbciteu heransgegeben vum Yercin Deutseller Ingenieurc, Springer, IIeft 204, 1918. 

(a) 'There follow the constants of tin* equal ion for the heal capacity; IF ~ <1 -p ht -p ct~; for 
the mean specific heat: s «• at 1 + b -F < 7 ; and for the. true specific heat: / b f 2<:/; also the 
latent heats at fusion. also Table 243, pp. 223-224.) 





- 


.... 




— 

. 


Kle 

ment. 

TVm pern 




L.i 


Tempera- 




L;i- 

lure 

r.uiKe. 

a 

b 

f X io« 

tent 

heat 

Kle 

ment. 

tun* 

nuiKe. 

a 

b 

t:Xio 8 

tent 

heat 


" t: 






” c 




cul./K. 

Cr 

0 1500 


0 ,10233 

33-47 


Ak 

O 96 t 


0.05725 

5.48 

26.O 

Mo 

0 1500 

, 

0.06162 

10.00 

— 

Au 

06t 1300 

S 3 - i? 

0.00710 

28.30 

— 

W 

0 1500 


O.O3325 

3 .07 

— 

O 3 064 

— 

0.03171 

I.30 

* 5*9 

Ft 

0 1500 

* 

O .03 3 2 l 

8-54 

— 


1064- 13OO 

20.35 

0.01420 

8,52 

— 

Sn 

0 232 

- 

O.OflHaO 

. - 

< 3 . 8 . 

CIu 

O-I084 


0.10070 

3 * os 

4T.0 

Hi 

232 3000 

* 4*38 

0.07020 

’-18.30 

— 


O 

O 

*t 

00 

0 

330.74 

-“.04350 

65. 0 

—■ 

O 270 


0.03341 

5.22 

30.2 

Mn 

0 U070 

— 

0.32037 

25.43 

36,6 

Cd 

270 3000 

10.33 

O.O3IO7 

5 * 4 * 

— 


t 330 “ 12 10 

-7.41 

0.17700 

— 

24.14* 

0 321 


0.05550 

6.28 

10.8 


3 ajO’-I 250 

3 - 8.5 

0.19800 

— 

—* 

Pb 

321 3000 

6.30 

0.00052 

<>•87 

— 

Ni 

0-"340 


0.1095© 

52.40 

56.x 

0 327 


0.0351) 3 

-n .47 

547 


330 1451 

0.41 

0. I 203 3 

0. IX 

x.33* 

Zn 

3*27 3000 

6,07 

0.02020 

3-80 

— 


1453 3520 

50,2 3 

0,33380 

—« 

— 

0 410 


0,08777 

.W.4K 

23.0 

Co 

O 050 

•— 

0.09119 

40.77 

58.2 

Sh 

419 3000 

M-.W 

0. (3340 

- 36. to 



IIOO 1478 

2 2 . CO 

0.31043 

< 4-57 

14.70* 

0 (>30 


0 . 051 70 

3.00 

3 «.<l 


1478 l600 

57.72 

O.14720 


— 

Ai 

(130 3000 

39 * 4 2 

O.05000 

2.96 

— 

Fe 

0 725 

— 

O .30545 

56.84 

49.4 

0 657 


0.22200 

58.57 

94.0 


785 OM) 

-I.63 

0.3592 


6.56* 


657 3000 

102.39 

O. 21870 

24.00 

*— 


OH) *404 

18.33 

0.14472 

0.05 

6,6 7* 








1405 3528 

-77.18 

0.21416 

— 

I.Q 4 * 








1528 1O00 

70.03 

0.35012 


******** 














* Allot ropio heat of transformation; Mn, 1070 1130°; Ni, 320 330°; Co, 950-1ioo°; he, 

725-785°; i)tif »*» 1; 1404.5 0 ^ 0.5. 


(/>) Truk Spixtitc Ukats. 



0.03so O. 
0.0336 0. 
0.0313 o. 

0,02 ()0 O. 

0.0266 o. 
0.0250 o, 
0.025a 0. 
0.0246 o, 

0.0239 o, 

0,0233 o. 
0.0226 o. 


. 2220 O. 
.2207 0 . 
.23740. 
. 245 * o. 
,2520 0. 
. 2606 o. 
. 2683 o. 
. 25230 . 
.2571 o. 

.2(110 O. 

.2667 o. 

— 0. 


0573 0.< 
0583 o.< 
0504 o.< 
0605 o. c 
0616 o.c 
0627 o.c 
0638 o. c 
0640 o.c 
0660 o.c 
0671 o.c 
0637 o.c 
0604 o.c 
0750 o.c 
0807 o.c 


. 1008 o. 

.3014 o. 

. 1020 O. 

. 1026 o. 
. 3032 o. 
. 1038 o. 
, 1045 o. 
.1051 o . 
. 1057 o. 
. 1063 o. 
. 1060 o. 
. 1028 o. 
.11500. 

. X2QI O. 


1005 °* 

1 200 O, 

1305 0. 

1400 o. 

1204 0 . 
I 204 
3 204 0 . 
3 205 °* 

1295 0. 

I 2 Q5 O, 
I2C)5 o. 
3 296 O. 

I2Q6 0. 

1296 o. 

I 2 ()() O. 

13380. 
—• o. 


30550. 

3 X 68 O. 

1282 O. 
1306 0. 
3509 O, 
16 23 O. 
3737O. 
185OO. 

3592 0 . 

1592 o. 

1448 
1448 o. 

1448 o, 

1449 O. 
14490. 
2142 o. 

1503 o. 


003 2 - 

0003 O. . 

3073 o.: 
3354 0.: 
12350,: 
1316 o,: 
3396 o.! 
34770.; 
15580.: 
1(130 o.: 
— o. s 
14240.; 
*454 o.s 
1483 o. 5 
1512 o.2 
1472 o.; 
1472 - 


For more elaborate tables and for all the elements in upper table, see original reference. 
Smithsonian TAdi.es. 








ATOMIC HEATS (50° K). SPECIFIC HEATS (60° K). ATOMIC VOLUMES OF THE ELEMENTS. 


The atomic and specific heats are due to Dewar, Pr. Roy. Soc. 89A, 168, 19 * 3 - 


Ele¬ 

ment. 

Specific 

heat 

—223 0 C. 

Atomic 
heat 
— 223 °C- 

Atomic 

volume. 

Ele¬ 

ment. 

Specific 
heat * 
—223 0 C. 

Atomic 
heat 
—• 223°C. 

Atomic 

volume. 

Ele¬ 

ment. 

Specific 

heat 

— 223 0 C. 

Atomic 

heat 

-223°C. 

Atomic 

volume. 

Li 

0.1924 

I. 3 S 

13.O 

Cr 

O.OI42 

O. 70 

7.6 

Sn 

0.0286 

3-41 

20.3 

G 1 

O.OI37 

0.125 

4.9 

Mn 

O.0229 

I.26 

7-4 

Sb 

O.0240 

2.89 

18. 2 

B 

0.0212 

O.24 

4-5 

Fe 

O.OI 75 

O.98 

7-1 

I 

0.0361 

4-59 

25-7 

c* 

O.OI 37 

0.16 

5-1 

Ni 

0.0208 

1.22 

6.7 

Te 

0.0288 

3.68 

21.2 

ct 

0.0028 

O.03 

3*4 

Co 

0.0207 

1.22 

6.8 

Cs 

O.0513 

6.82 

71.0 

Na 

O. ISI 9 

3 - 5 ° 

23*6 

Cu 

O.0245 

1 . 5 b 

7 -i 

BaH 

0.0350 

4.80 

36.6 

Mg 

0.0713 

i -74 

14.1 

Zn 

O.0384 

2.52 

9.2 

La 

O.0322 

4. 60 

22.6 

A 1 

0.0413 

I. 12 

10.0 

As 

O.0258 

1.94 

15.9 

Ce 

0.0330 

4.64 

20.3 

Sif 

O.O303 

0.86 

14.2 

Se 

0.0361 

2.86 

18.5 

W 

O.OO95 

i -75 

9.8 

Si § 

O.O303 

0-77 

11.4 

Br 

0.0453 

3.62 

24.9 

Os 

0.0078 

1.49 

8-5 

P 




Rb 

0.0711 

6.05 

55-8 

Ir 

O.OO99 

1.92 

8.6 

yel. 

0.0774 

2.40 

17.0 

SrK 

0.0550 

4.82 

34-5 

Pt 

O.OI35 

2.63 

9.2 

P 




Zr 

0.0262 

2.38 

21.8 

Au 

0.0160 

3.16 

10.2 

red 

O.O43I 

i -34 

13-5 

Mo 

0.0141 

1.36 

9-3 

Hg 

0,0232 

4.65 

14.8 

S 

0.0546 

1 .75 

16. 

Ru 

0.0109 

I. II 

9.0 

Tl 

0.0235 

4.80 

17.2 

Cl 

O.O967 

3-43 

24.6 

Rh 

0.0134 

1.38 

8-5 

Pb 

O.0240 

4.96 

18.3 

K 

0.1280 

5.01 

44-7 

Pd 

0.0190 

2.03 

9.2 

Bi 

0.0218 

4-54 

21.3 

Ca 

O.O714 

2.86 

25.9 

As 

0.0242 

2.62 

10.2 

Th 

O.OI97 

4-58 

21.1 

Ti 

0.0205 

0.99 

10.7 

Cd 

0.0308 

3-46 

13.0 

U 

O.OI38 

3-30 

12.8 


* Graphite. t Diamond. t Fused. § Crystallized. If Impure. 
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(3) 21, 1847; 24, 1848. 

(9) Moisson-Gautier, Ann. chim. phys. (7) 

17, 1896. 

(10) Regnault, Ann. d. chim. (3) 26, 1849; 
63, 1861. 

(n) Andrews, Pog. Ann. 75, 1848. 

(12) Rckardt-Graefe, Z. Anorg. Ch. 23, 1900. 
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(18) Pionchon, C. R. 102-103, 1886. 

(19) Tilden, Phil. Trans. (A) 201, 1903. 

(20) Richards, Ch. News, 68, 1893. 

(21) Trowbridge, Science, 8, 1898. 

(22) Berthelot, Ann. d. chim. (5) 15, 1878. 

(23) Pettersson-Hedellius, J. Pract. Ch. 24, 

1881. 
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(43) Magnus, Ann. d. Phys. 31, 1910. 

(44) Harper, Bull. Bureau of Stds. 11, p. 
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Tables 246 - 24 T. 

TABLE 246.—Specific Heat of Various Solids. 



. metal. 

ss, red. 

‘ yellow .... 

)u 20 Sn . 

r Cu+n.3 A l • 

man silver .... 
>witzalloy: 24.97Pb 4- 10.13 
4* 14.24 Sn 


e's alloy: 27.5 Pb+48.9 Bi 


3d s alloy: 25.85 Pb 4~ 6-99 Cd 
+ 14.73 Sn 
“ (fluid) . 
laneous alloys: 

Sb 4- 29.9 Bi 4-18.7 Zn + 33.P 
Sb+62.gPb .... 
Pb +60.1 Bi 

tm (fluid) . 

Pb + 36.3 Sn .... 
Pb 4-53.3 Sn .... 

Bi -f-36.2 Sn . 

Bi 4-53-1 Sn . 

al. 

normal thermometer i6 rl1 . 
French hard thermometer . 
:rown ..... 
lint .... 


(Para) 


fluid 

ite 


Temperature 

°C. 

Specific heat. 

Au¬ 

thority. 

15-98 

O.0858 

R 

0 

• 0899 1 

L 

0 

.08831 

it 

14-98 

.0862 

R 

20-100 

.10432 

Ln 

0-100 

.09-164 

T 

5-50 

•0345 

M 

IOO-I5O 

.0426 


- 77-20 

.0356 

S 

20-89 

.0552 

u 


5-50 
100-150 


20-99 

10-98 

16-99 

144-358 

12-99 

10-99 

20-99 

20-99 


•05657 

.03880 

.03165 

.03500 

.04073 

.04507 

.04001 

.04504 


20-1040 

.3145 

— 

19-100 

.1988 

W 

- 

. 1869 

z 

10-50 

.161 

H M 

jo-50 

.117 

a 

—i 88 - 252 

.146 

D 

—78 - 188 

.285 

a 

—18 - 78 

.463 

“ 

?-I00 

.481 

GT 

20 

.10 

— 

-20- 4-3 

.3768 

R W 

—19 - j-20 

.5251 

<< 

0-20 

•6939 


35~40 

.622 

B 

60-63 

.7x2 

i 

20-100 

•3312 

A.M 

20 

.327 

— 
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TABLE 248 . 


Tables 248-250. 

- Specific Heat of Various Liquids. 





Temp. 

Spec. 

Au 

0 C. 

heat. 

t luuity. 

— 20 

O.5054 

R 

O 

0.548 

* ' 

40 

0.648 


5-10 

0-590 


15 -20 

O. 0 OL 

* 4 

15 

0.514 

G 

40 

0.5 20 


50 

O.529 


10 

O.54O 

III) 

40 

0.4 -’4 


05 

0.482 

* 4 

-15 

0.764 

DMG 

0 

0. 775 

it 

4 ’ 20 

0.787 


— 20 

0.695 

“ 

0 

0.712 


}"2Q 

0.725 

k ‘ 

-20 

0:651 

44 

0 

0.665 

“ 

t-20 

0.676 

u 

12-15 

0.848 

Pa 

12' 14 

0.951 

u 

15-17 

°- 97 S 

54 

0,464 

H 

65 

0.482 



I.iquid. 


Alcohol, ethyl.. .. 

a u 

Alcohol, methyl. . 

U U 

Amlin. 

u 

Benzole, (hiHo... . 

“ CVHo"." 

CaCb, sp. gr. 1 .J 4 

a u u u 

“ 14 “ 1.20 

tt u tt u 

it a u a 

{i “ “ 1.26 

a tt it a 

a 1 4 a a 

C11S04 *f So II2O.. 
“ 4- 200 “ 

“ •+■ 400 “ . 

Diphenylaminc, 

Ci,IInN. 


Liquid. 


Kthyl ether. 

Glycerine. 

KOII \- 30H..O. ...... 

“ \ 100 " . 

NaOH } soU,(). 

“ \ too “ . 

NaCl \ 10I DO,. 

“ } 200 “ . 

Naphthalene, ( V)H h . . . 

Nitrobenz.ole. 

Oils: castor. 

citron_....... 

olive... 

sesame.. 

turpentine....... 

Petroleum.. 

Sea water, sn. gr. 1.0044 

“ .1.0 J 4 S 

u 41 “ “ 1.0464 

Toluol, CVHi.. 

u 

ZnS(>4 4™ 50 if a O...... 

“ 4- 200 44 ...... 


Temp. 
" (\ 


IS sol 

iS 

18 

is 

18 

18 

18 

80 85 

00 os 
14 
28 


5.4 

6.9 


o 

2 t 58 
1 7.5 

* 7-5 

17.5 

10 

(15 

«5 

20 52 

20 52 


Slur. 

heat. 


O.S20 

0.570 

O. 87(1 
O.075 
o. 04 2 
O.085 
o. 701 
0,078 
0.496 
o. 400 
0.550 
o. 5O2 
0.454 
0.458 
0.471 
0.587 
0.411 
o. 511 
o. 0H0 
jo. 038 
0.904 
o. 3(14 
0.490 
0-544 
o. 842! 
0.952! 


References: (A) Abbot; (B) Batelli; (E) Kmo; «i) CirilUths; (I)M(r) Dtekiti 
Mueller, and George; (II-D) de Ileen and Deruyts; {Mu) Marigmic; (Pa) Pagl 
(R) Regnault; (Th) Thomsen; (W) Wachsmuth; (Z) ZoulolT; (IIVY) ILF. Wefa 


TABLE 249 . - - Specific Heat of Liquid Ammonia under Saturation Condition#. 

Expressed in Calories®) per Gram per Degree C\ Osborne and van Du,sen, 
Bui. Bureau of Stamlards, 1918. 


TABLE 250 . — Heat Content of Saturated Liquid Ammonia. 

Heat content ■ // « « 4 where € is the internal or intrinsic energy. Osborne t 

Dusen, Bui. Bureau of Standards, iqi8» 


Temperature... 

-So 0 

-40° 

-30° -20° 

-10° 

0° 

+to* 

420 ° 

4*30* 

4 - 40 ° 

JET • e 4- pv . 

-S 3.8 

■"43 • 3 

-» 33.6 -2t.S 

-IX. 0 

0.0 

■Hi, i 

+23.4 

- 33 -P 

- 45*5 


Temp. 

°C: 

0 

X 

a 

s 

-40 


X.061 

1.060 

x. 059 

-30 

1.070 

1.069 

c. 068 

1.067 

-20 

x .078 

I.077 

1.076 

1.07S 

-10 

X .088 

X.087 

X. 086 

1.085 

— O 

X.099 

X . 098 

X.097 

t. 096 

4* 0 

1.099 

x. too 

X. tot 

x. 103 

+10 

X . 1 X 2 

1.1x3 

1.1x4 

i.xt6 

4-20 

x. 126 

x. 128 

1.129 

x. 13 X 

4 - 3 ° 

I. I42 

X.X44 

r. 146 

1,148 

4*40 

x. 162 

X . 164 

x. x66 

X . 169 


4 

s 

6 

7 

8 

1.058 

1.058 

1.057 

t . O56 

1.055 

t. 066 

1,0(15 

t . 064 

l , O64 

X.O65 

1,074 

1.074 

X .074 

1.073 

1,071 

1.084 

1.085 

t .082 

J .08t 

I.080 

x. 094 

l . 094 

1.094 

1.00* 

1.090 

r. 104 

t. 105 

t . 106 

1 , IOH 

1. too 

1. x 17 

t.tth 

1.120 

t . 1 32 

1 . 1 25 

t . t $2 

1.144 

1 . 13 * 

t, I57 

X. X 49 

x. 150 

1.152 

1. 154 

t . 1 56 

x. 158 

1. I7X 

1. *73 

1.176 

!,I78 

x.181 
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Tables 251-252. 229 

SPECIFIC HEATS OF MINERALS AND ROCKsl 


TABLE 251.—Specific Heat of Minerals and Rocks. 


Substance. 

Tempera¬ 
ture 0 C. 

Specific 

Heat. 

Refer¬ 

ence. 

Substance. 

Tempera- 
tuie ° C. 

Specific 

Heat. 

Refer¬ 

ence. 

alusite . 

O-IOO 

0.1684 

I 

Rock-salt 

* 3”45 

0.219 

6 

ydrite, CaSC>4 

0-100 

•1753 

X 

Serpentine . 

16-98 

.2586 

2 

tite .... 

I 5“99 

.1903 

2 

Siderite 

9-98 

•1934 

4 

iStOS 

20-98 

.195 

3 

Spinel . 

15-47 

.194 

6 

ite . 

20-98 

•I 93 1 

3 

Talc . 

20-98 

.2092 

3 

te, BaS04 

1 . 

IO-9S 

.1128 

4 

Topaz . 

0-100 

.2097 

1 

15-99 

.1979 

2 

Wollastonite 

I 9 “ 5 T 

.178 

6 

x, Na2B4p7 fused 
ite, CaCOs 

16-98 

.2382 

4 

Zinc blende, Z11S . 

O-XOO 

.II46 

X 

0-50 

.1877 

r 

Zircon . 

2I-5 1 

.132 

6 

“ 

0-100 

.2005 

X 

Rocks: 



U 

0-300 

.2204 

X 

Basalt, fine, black 

I2-XOO 

.1996 

6 

iterite Sn 0 2 . 

16-98 

•0933 

4 

tt a a 

20-470 

.199 

9 

copyrite 

15-99 

.1291 

2 

it ii (C 

470-750 

•243 

9 

mdum 

9-98 

.1976 

4 

it it it 

750-880 

.626 

9 

lite, Al 2 F 6 .6NaF . 

16-99 

.2522 

2 

it a a 

880-1190 

- 3 2 3 

9 

rite, CaF 2 

15-99 

.2154 

4 

Dolomite . 

20-98 

.222 

3 

na, PbS . 

0-100 

.0466 

5 

Gneiss 

17-99 

.196 

10 

let . 

16-100 

.1758 

2 

u 

17-213 

.214 

10 

latite, Fe 2 Os • 

15-99 

.1645 

2 

Granite 

12-100 

-192 

7 

iblende . 

20-98 

.1952 

3 

Kaolin 

20-98 

.224 

3 

ersthene 

20-98 

.1914 

3 

Lava, Aetna 

23-IOO 

.201 

11 

adorite . 

20-98 

.1949 

3 

a a 

y-776 

.259 

11 

netite 

18-45 

.156 

6 

“ Kilauea . 

25-XOO 

.197 

11 

Lchite, Cu 2 C04H 2 0 

15-99 

•1763 

2 

Limestone . 

15-100 

.216 

12 

(Mg) . . . 

20-98 

.2061 

3 

Marble 

O-IOO 

.21 

— 

(K) . . . 

20-98 

.2080 

3 

Quartz sand 

20-98 

.191 

3 

Dclase 

20-98 

.2048 

3 

Sandstone . 

- 

.22 


oclase 

15-99 

.1877 

2 





lusite, Mn 0 2 . 

*tz, Si 0 2 

17-48 

12-100 

•159 

.188 

6 

7 

8 

1 Lindner. 6 Kopp. 11 Bartoli. 1 

2 Oeberg. 7 Joly. 12 Morano. 1 

<c ' 



3 Ulrich. 8 Pionchon. 



{{ 

350 

400-1200 

.2700 

•305 

0 

8 

4 Regnault. 9 Roberts-Austen, Rucker. 

5 Tilden. 10 R. Weber. 


Compiled from Landolt-Bornstein-Meyerhoffer’s Physikalisch-chemische Tabellen.' 

TABLE 252—Specific Heats of Silicates. 
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Table 253. 


SPECIFIC HEATS OF GASES AND VAPORS. 


Substance. 

Range of 
temp. 0 C 

Sp. ht. 
constant 
pres¬ 
sure. 

Authority. 

Range 

of 

temp. 

0 C 

Mean 
ratio of 
specific 
heats. 
i'p/Cv. 

Authority. 

AcetOfn* CjTTgO . 

26-110 

0.3468 
0.2377 

Wiedemann. 



Moody, 

Ajr . 

-3O-+IO 

0-200 

Regnault. 

20 

1.40 u 

tt 

O. 2375 

u 

- 79-3 

1.405 

Koch, 1907. 

tt 

20-440 

0.2366 

Holborn and 

— 79-3 

2 • 333 

u 200 atm 

tt 

20-630 

20-800 

O. 2429 

Austin. 

0 

1.828 

FUrstenau. 

a 

0.2430 

a 

500 

X. 399 

Alcohol, C 2 H 5 OH. 

108-220 

0-4534 

Regnault. 

53 

X. 133 

Jaeger. 

a u 



— 

100 

x.134 

Stevens. 

“ CH3OH. 

IOI-223 

23-IOO 

27-200 

20-90 

34- 1i5 

35- 180 
116-218 

0.4580 

0.5202 

0.5356 

0.1233 

0.2990 
0.3325 
0-3754 
O.0555 
0.1843 

O. 2025 
O. 2169 
0.2425 
O. 2426 
0.1596 
0.1125 
0.1441 
0.1489 
0.4797 
0.4280 

Regnault. 

100 

X . 256 

tt 

Ammonia . 

Wiedemann. 

0 

1.3x72 

W Ullner. 


a 

TOO 

1 . 2770 

ii 

Argon . 

Dittenberger. 

0 

1.667 

Niemeyer. 

Pagliani. 

Benzene, CgH§ . 

Wiedemann. 

20 

X.403 

a a 

tt 

60 

x . 403 

a tt 

Regnault. 

it 

99-7 

I. X05 

Stevens. 

Bromine . 

83-228 

-28-+7 

15- 100 

11-214 
23-99 

26- 198 
86-190 

16- 343 

27- 1x8 

28- 189 
69-224 
25-111 

20-388 

1 . 293 

Strecker. 

Carbon dioxide, C 0 2 .. - 

a a a 

u tt a 

“ monoxide. CO.. 

u a a 

11 disulphide, CS 2 - 
Chlorine. 

tt 

tt 

tt 

Wiedemann. 

u 

Regnault. 

Strecker. 

4 -xi 

0 

0 

TOO 

3-67 

O 

X•2995 

X . 3003 
t.403 

*•395 

x. 205 
x • 336 

Lummer and 
Pringsheim. 
Moody, 1912. 
WtUlner. 

Bey me. 

Martini. 

Chloroform, CHCU.... 

tt a 

TCth^r C^TTiqO. 

Wiedemann. 

tt 

Regnault. 

Wiedemann. 

22“78 
99 .8 

42- 45 

X . 102 

1.150 

1.029 

1.024 

Beyme. 

Stevens, 

MUller, 

tt ’ a 

12 20 

Low, 1894. 

Helium . 


0 

1 .64 

Mean, Jeans, 

Hydrochloric acid, HC 1 . 

Hydrogen . 

13-100 
22-214 
-28- +9 
12-198 
21—100 

0.1940 
0.1867 
3-3996 
3 - 40 QO 

3.4100 
0.2451 

Strecker. 

Regnault. 

20 

too 

4 -16 

I • 8H9 

1.400 

I.4080 

St recker. 

Lummer and 


a 


Pringsheim. 

a 

Wiedemann. 


1.419 

1.324 

1 .666 

Hartmann. 

u sulphide, H 2 S 

Krypton. 

20-206 

Regnault. 

19 

Capstiek, 
Ramsay, *w. 

Mercury ; . 

_ 

__ 

_ 

3 *o 

it 30 

H) 

i. 666 

Kundt and 

Methane, CH4. 

18-208 

o. 59 2 9 

Regnault. 

1.316 
1.642 
1.41 

1.405 

WaiUtrg. 

MUller. 

Neon. 


Ramsay, ’ w 
Cu/in. 

Nitrogen. 

0—200 

0. 2438 
0.2419 
0.2464 
O.2497 
0.2317 
1.625 

1.115 
0.65 

O. 2262 
0. 2126 
0. 2241 

O 9 T 7 C 

Regnault. 
Holborn and 


20-440 

20-630 

20-800 


Masson. 

a 

Austin. 


a 

n 




Nitric oxide, NO. 

13-172 

27-67 

27-150 

27-280 

16-207 

26- 103 

27- 206 
13-207 
20-440 
20-630 
16-202 

0 

100 

180 

Regnault. 
Berthelot and 
Olger. 

a 

Regnault. 

Wiedemann. 

tt 

Regnault. 
Holborn and 
Austin. 
Regnault. 
Thicsen. 

tt 

tt 


1.394 

X 3 * 

1.311 

1.272 

1.324 

*4 

Nitrogen tetroxide, N 0 2 . 

tt it it 

it it tt 

Nitrous oxide, N 2 0 .... 

a a a 

it tt tt 

Oxygen. 

O 

TOO 

5 ” *4 

Natunson. 

W miner. 

U 

Leduc, *98. 
Lummer and 
Pringsheim. 

"tf 

v. -si./,") 

0. 2240 

* ' ,1 v 1 / 

“ 



Sulphur dioxide, S 0 2 . .. 
Water vapor, H 2 0 . 

tt a u 

Xenon. 

O ?300 
O.I544 

0.4655 

0.421 

O.SI 

78 

94 

TOO 

19 

I . 256 

1.274 

*•33 

* . 305 

1.666 

MUller, 

Beyme. 

Jaeger. 

Midtower. 

Ramsay/ xa. 
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Table 254. 

LATENT HEAT OF VAPORIZATION. 


231 


The temperature of vaporization in degrees Centigrade is indicated by t, the latent heat in 
large calories per kilogram or in small calories or therms per gram by r ; the total heat from o° 
C, in the same units by H. The pressure is that due to the vapor at the temperature t. 


i 

| Substance. 

Formula. 

t°C 

r 

H 

Authority. 

Acetic acid. 

c 2 h 4 o 2 

118 0 

84.9 

50-97 

120 


Ogier. 

F enner-Richtmyer. 

Schall. 

Air. . . 


_ 

Alcohol: Amyl. 

C5H120 

c 2 h 6 o 

tt 

131 

78.1 

0 

_ 

Ethyl. 

205 

236 

2 55 

236 

264 

267 

285 

307 

289 

274 

246 

206 

152 

A A O 

Wirtz. 


Regnault. 

a 

it 

tt 

50 

100 

150 

64.5 

0 

tt 

It 


tt 

tt 

tt 


tt 

Methyl. 

CH 4 o 

a 

267 

289 

Wirtz. 


Ramsay and Young. 

tt tt u 

tt 

It 

50 

100 

150 

200 

tt 

tt 


tt a tt 

u 

tt 


u tt tt 

it 

It 


u tt tt 

ti 

tt 

238.5 

184 

80.1 

fix 


tt tt n 

Aniline. 

c 6 h 7 n 

c 6 h 6 

Br 

no 

92.9 

45.6 

72.23 

57.48 

44-97 

31-8 

14.4 

3.72 

83.8 

90 


Mean. 

Benzene. 

127.9 

Wirtz. 

Bromine. 

Andrews. 

Carbon dioxide, solid.... 
“ “ liquid... 

a tt , it 

tt tt a 

u tt tt 

tt tt u 

tt tt tt 

a disulphide. 

C 0 2 

tt 

u 

u 

tt 

u 

u 

cs 2 

tt 

-25 

0 

12.3s 

22.04 

29.85 

30.82 

46.1 

0 

138.7 

94-8 

90 

100. s 

TO? /j 

Favre. 

Cailletet and Mathias. 

tt a it 

Mathias. 

u 

u 

a 

Wirtz. 

tt K 

Regnault. 

a 

tt tt 

tt 

100 

tt u 

tt 

140 

60.9 
34.-5 
34-9 

0 


tt 

Chloroform. 

CHC 13 

C4H10O 

tt 

58.5 

88.4 

90.5 

94 

72.8 

107 

Wirtz. 

Ether. 

a 

it 

Andrews. 

tt 

tt 

94 

115-1 

140 

Regnault. 

tt 

It 

50 

T 70 

a 

tt 

_ 

u 

Ethyl bromide. 

CoHfiBr 

C2H5CI 

C 2 H 6 I 

c 7 h 16 

c 6 h 14 

I 

38.2 

12.5 

71 

90 

70 

rin ^ 

Wirtz. 

u chloride. 


98 

Regnault. 

Mean. 

“ iodide. 

47 

77.8 

Heptane. 


Young. 

a 

Hexane. 


Iodine. 


/y * 

23.9s 

65 

47.65 

70.0 

07 


Favre and SilbermaTnu 

Mercury. 

Hg 

N» 

357 • 

— rot: f) 


Mean. 

Alt 

Nitrogen. 


Octane. 

c 8 h 18 

0 2 

T 20 


Young 

Oxygen. 

— 182.9 

30 

316 - 
0 


Alt 

Pentane. 

c 5 h 12 

s 

85.8 

362.0 

91.2 

So. 5 

68 4 


Young. 

Person. 

Cailletet and Mathias. 

u u u 

Sulphur. 

. _ 

Sulphur dioxide. 

so 2 


Kt u 

tt 



u a 

tt 

65 

III 

159-3 


tt a tt 

Toluene. 

CtHs 

C10H10 

86.0 


Mean. 

Brix. 

Turpentine. 



/ 4 - 
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UNITS OK MKASUREMENT. DIMENSIONAL ANI) 
CONVERSION FORMULAE. 

I Itc quitnlit.ilivi' inciiMiif uf anything is expressed by two factors, one, 
a t ft tain definite amount of the kind of physical quantify measured, called the 
unit, tite other, the numher of times this unit is taken. A distance is stated 
«" S meters. The puipo-,c in such a statement is to convey an idea of this dis¬ 
tant c in terms of some familiar or standard unit distance. Similarly quantity 
of matter is referred to as so many grams; of time, as so many seconds, or minutes, 
or hours. 

Tito numerical hit tor definitive of tin* magnitude of any quantity must depend 
tut I ho si/e of the unit in fertile of which the quantity is measured. For example, 
let the magnitude tailor he 5 for n certain distance when the mile is used as the 
unit of measurement. A mile equals 1760 yards or 52K0 feet. The numerical 
factor evidently becomes HHoo and jgqoo, respectively, when the yard or the 
foot in used an the unit, Heme, to obtain the magnitude factor for u quantify 
in terms of it new unit, multiply the old magnitude factor hy the ratio of the 
magnitudes of the old and new units; that is, hy the number of the new units 
required to make one of the old, 

dim different kind* of quantities measured by physicists fall fairly definitely 
into two 1 lasses. In one class the magnitudes may he called extensive, in 

the other, ihtenuve. To detidr to which class a quantity belongs, it is often 
helpful to note the effect of the addition of two equal quantities of the kind in 
question, If twice the quantity results, then the quantity lias extensive (addi¬ 
tive) magnitude, Fur instance, two pieces of platinum, each weighing 5 grams, 
added together, weigh to grants; on the other hand, the addition of one piece 
of platinum at t mf V to another at too* 1 V does not result in a system at jgo” C. 
Volume, entropy, energy may he taken as typical of extensive, density, tem¬ 
perature and magnetic frrmenhtlity, of intensive magnitudes. 

The measurement of quantities having extensive magnitude is a compara¬ 
tively dires t process, Thom* having intensive magnitude must he correlated 
with phenomena which may lie measured extensively. In the ease of tempera¬ 
ture, a typical quantity with intensive magnitude, various methods of measure¬ 
ment have frrn devised, such m the correlation of magnitudes of temperature 
with the varying lengths of it thread of mercury. 

Wund&mmtid Unit*. - ft is desirable that the fewest possible fundamental 
unit quantities should lie chosen. Simplicity should regulate the choice, — 
simplicity fst, jmychologimHy, in that they should he easy to grasp mentally, 
and and. nhvnkaUv* in nermittimr m stmtehtforward and simple definition m 
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possible of the complex relationships involving them. Further it seems desirable 
that the units should be extensive in nature. It has been found possible to 
express all measurable physical quantities in terms of five such units: ist, geo¬ 
metrical considerations — length, surface, etc., load to the need of a length; 
2nd, kinematical considerations—velocity, acceleration, etc., introduce time, 
3rd, mechanics — treating of masses instead of immaterial points — intro¬ 
duces matter with the need of a fundamental unit of mass; 4^? electrical, and 
5th, thermal considerations require two more such quantities. The discovery 
of new classes of phenomena may require further additions. 

As to the first three fundamental quantities, simplicity and good use sanction 
the choice of a length, L, a time interval, T, and a mass, M . For the measure¬ 
ment of electrical quantities, good use has sanctioned two fundamental quan¬ 
tities, —the dielectric constant, K, the basis of the “electrostatic” system and 
the magnetic permeability, jjl, the basis of the “electromagnetic” system. Besides 
these two systems involving electrical considerations,-there is in common use a 
third one called the “international” system which will be referred to later. For 
the fifth, or thermal fundamental unit, temperature is generally chosen. 1 


Derived Units. — Having selected the fundamental or basic units, — namely, 
a measure of length, of time, of mass, of permeability or of the dielectric 
constant, and of temperature, — it remains to express all other units for physi¬ 
cal quantities in terms of these. Units depending on powers greater than unity 
of the basic units are called “ derived units.” Thus, the unit volume is the volume 
of a cube having each edge a unit of length. Suppose that the capacity of some 
volume is expressed in terms of the foot as fundamental unit and the volume 
number is wished when the yard is taken as the unit. The yard is three times 
as long as the foot and therefore the volume of a cube whose edge is a yard is 
3x3X3 times as great as that whose edge is a foot. Thus the given volume 
will contain only 1/27 as many units of volume when the yard is the unit of 
length as it will contain when the foot is the unit. To transform from the foot 
as old unit to the yard as new unit, the old volume number must be multiplied 
by 1/27, or by the ratio of the magnitude of the old to that of the new unit of 
volume. This is the same rule as already given, but it is usually more conven¬ 
ient to express the transformations in terms of the fundamental units directly. 
In the present case, since, with the method of measurement here adopted, a 
volume number is the cube of a length-number, the ratio of two units of volume 
is the cube of the ratio of the intrinsic values of the two units of length. Hence, 
if / is the ratio of the magnitude of the old to that of the new unit of length, the 
ratio of the corresponding units of volume is Z 3 . Similarly the ratio of two units 
of area would be Z 2 , and so on for other quantities. 


1 Because of its greater psychological and physical simplicity, and the desirability that the 
urnt chosen should have extensive magnitude, it has been proposed to choose as the fourth fun¬ 
damental quantity, a quantity of electrical charge, e. The standard unit of electrical charge 
would then be the electronic charge. For thermal needs, entropy has been proposed. While 
not generally so psychologically easy to grasp as temperature, entropy is of fundamental im- 
portance m thermod>Tiamics and has extensive magnitude. (R. C. Tolman, The Measurable 
Quantities of Physics, Physical Review, 9, p. 237, 1917.) 
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Conversion Factors and Dimensional Formulae..- For the ratios of length, 

mass, time, temperature, dielectric constant and permeability units the small 
bia( keted let!ns, [/J, jyw ], [Jj, L#J, LAJ» an( l CmJ will he adopted. These symbols 
will always represent simple numbers, but the magnitude of the number will 
depend on the relative magnitudes of the units the ratios of which they repre- 
sent. When the values of the numbers represented by these small bracketed 
haters as well as the powers of them involved in any particular unit are known, 
the factor for the transformation is at once obtained. Thus, in the above ex¬ 
ample, the value of / was t and the power involved in the expression for volume 
was ;; Inane the factor for transforming from cubic feet to cubic yards was / ;l 
or t .F or i *7. Those factors will be called conversion factors. 

To find the symbolic expression for the conversion factor for any physical 
quantity, it is sufficient to determine the degree to which the quantities length, 
mass, time, etc., are involved. Thus a velocity is expressed by the ratio of the 
number representing a length to that representing an interval of lime, or [L/T], 
and acceleration by a velocity number divided by an interval-of-time number, 
or [./* V' 1 » and so on, and the corresponding ratios of units must therefore enter 
in pm isely the same degree. The factors would thus be for the just stated cases, 
(/ /1 and [ t I s j. Equations of the form above given for velocity and acceleration 
which show the dimensions of the quantity in terms of the fundamental units 
are culled r (imvmiomit equations, Thus [J\\ « [ 7 //r'T” 2 ] will be found to 
be the dimensional equation for energy, and [Jf I?T the dimensional formula 
for it, These expressions will be distinguished from the conversion factors by 
the use of bracketed capital letters. 

In general, if we have an equation for a physical quantity, 

{) - C 7 Ai/ 7 *y\ 

where V is a constant and /-, J/, V represent length, mass, and time in terms 
of one set of units, and it is desired to transform to another set of units in terms 
of which tlie length, mass, and time are L n M n T n we have to find the value of 
/*, , 1 /, 7 )/ 7 \ which, in accordance with the convention adopted above, 

will be /, m % /, or the ratios of the magnitudes of the old to those of the new units, 
Tims l u - /i, it, - Mm, T, - 77 , and if (), be the new quantity number, 

- VLH il M h m h Tn r ™ 

or the conversion factor is a quantity precisely of the same form as the 

dimension formula [ 7 /M/*Y v ]. 

Dimensional equations are useful for cheeking the validity of physical equa¬ 
tions. Since physical equations must be homogeneous, each term appearing in 
them must lie dimensionally equivalent. For example, the distance moved by 
11 uniformly accelerated body is s ** vd T \at*. The corresponding dimensional 
equation is [/J - {(L/7*)7‘] f [ (/,/ 7 nt ) 7 ' a ] > each term reducing to [/,]. 

Dimensional considerations may often give insight into the laws regulating 
physical phenomena. 1 For instance Lord Rayleigh, in discussing the intensity 
1 Sit “til* Physically Similar Systems; Illustrations of the Use of Dimensional Equations,’' 
E, Hm kinglmm, Phywcid Review, (1) 4, p. 345, 1014. 



of light scattered from small particles, in so far as it depends upon the wave- 
length, reasons as follows: 1 

“The object is to compare the intensities of the incident amt scattered ray; for Uh*m» will 
clearly be proportional. The number (/) expressing the ratio of the two amplitudes w a him turn 
of the following quantities: — 7', the volume of the disturbing particle; -r, the distant e of the 
point under consideration from it; X, the wave-length; 6, the velocity of propagation of light; 
D and D', the original and altered densities: of which the first three depend only on spate, the 
fourth on space and time, while the fifth and sixth introduce the consideration of mass, Other 
elements of the problem there are none, except men* numbers and angles, which do not depend 
upon the fundamental measurements of spare, time, and mass. Since the* ratio /, whose evpres 
sion we seek, is of no dimensions in mass, it follows at once that D ami />' <h c ur only under the 
form Dll)', which is a simple number and may therefore be omitted, It remains to tmd how 
i varies with 7 \ r, X, h. 

“Now, of these quantities, b is the only one depending cm time; and therefore, an / U of no 
dimensions in time, b cannot occur in its expression. We are left, then, with /', r, and X; and 
from what we know of the dynamics of the question, we may In* sun* that t varies dim sly iw 
T and inversely as r, and must therefore be promotional to T 2 Xo\ V bring of three dimi-nsion* 
in space. In passing from one part of the spectrum to another X is the only cpiantity withh 
varies, and we have the important law: 

“When light is scattered by particles which are very small compared with anv of the wave¬ 
lengths, the ratio of the amplitudes of the vibrations of the scattered and incident light varies 
inversely as the square of the wave-length, and the intensity of the lights themselves as the 
inverse fourth power.” 

The dimensional and conversion-factor formulae for the more <ommunly 
occurring derived units will now he developed. 

Area is referred to a unit square whose side is the unit of length. The area of 
a surface is expressed as 

S *3 ( 

where the constant C depends on the contour of the surface and A is a linear 
dimension. If the surface is a square and L the length of tt side, is unity; 
if a circle and L its diameter, C is v/4. The dimensional formula h therefore 
[£ 2 ] and the conversion factor [Z 2 ]. (Since the conversion factors are always of 
the same dimensions as the dimensional formulae they will lie omitted in the 
subsequent discussions. A table of them will he found on jmge 3 J 

Volume is referred to a unit cube whose edge is the unit of length. The volume 

of a body is expressed as 

V « ( 7 A 

The constant C depends on the shape of the landing surfaces. The dimen¬ 
sional formula is [I 8 ]. 

Density is the quantity of matter per unit volume. The dimensional formula 
is [M/V} or [Af Zr 8 ]. 

Ex. The density of a body is 150 pd. j>er cu. ft,: required the density in grain* fwr t tt, in. 
Here m, the number of grains in a pd., - 7000; /, the number of in. in lift., - o; mP - 7 000/* a* 

• 4.051* The density is 150 x 4*051 - 607.6 graimt/eu. in. 

The specific gravity of a body is the ratio of a density to the density of it standard 
substance. The dimensional formula and conversion factor lire txuh unity, 

1 Philosophical Magazine, (4) 41, p, 107, 1871, 
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Velocity, v, of a body is dL/dP, or the ratio of a length to a time. The dimen¬ 
sional formula is 

Angle is measured by the ratio of the length of an arc to its radius. The di¬ 
mensional formula is unity. 

Angular Velocity is the ratio of the angle described in a given time to that 
time. The dimensional formula is [T” 1 ]. 

Linear Acceleration is the rate of change of velocity or a = dv/dt . The dimen¬ 
sional formula is [FT" 1 ] or [_LT~‘ r \. 

Ex. — A body acquires velocity at a uniform rate and at the end of one minute moves at the 
rate of 20 kilometers per hour: what is the acceleration in centimeters per second per second? 
Since the velocity gained was 20 km per hour in one minute, the acceleration was 1200 km 
per hour per hour. I = 100000, i = 3600, Z/ -2 = 100000/3600 2 = 0.00771; the acceleration * 
.00771 x 1200 = 9.26 cm/sec. 

Angular Acceleration is rate of change of angular velocity. The dimensional 
formula is [[(angular velocity)/T] or 

Momentum, the quantity of motion in the Newtonian sense, is measured by 
the product of the mass and velocity of the body. The dimensional formula is 
[¥F] or 

Moment of Momentum of a body with reference to a point is the product of 
its momentum by the distance of its line of motion from the point. The dimen¬ 
sional formula is [ ML 2 T ~' r \. 

Moment of Inertia of a body round an axis is expressed by the formula Smr 2 , 
where m is the mass of any particle of the body and r its distance from the axis. 
The dimensional formula for the sum is the same as for each element and is 
[MLf\. 

Angular Momentum of a body is the product of its moment of inertia and 
angular velocity. The dimensional formula is [. ML 2 T ~ 1 ']. 

Force is measured by the rate of change of momentum it can produce. The 
dimensional formulae for force and “time rate of change of momentum” are 
therefore the same, the ratio of a momentum to a time [ikfLT -2 ]. 

Ex. — When mass is expressed in lbs., length in ft., and time in secs., the unit force is called 
the poundal. When grams, cms, and secs, are the corresponding units, the unit of force is 
called the dyne. Find the number of dynes in 25 poundals. Here m = 453.59, -l = 30.48, £ ** 1; 
mlr* = 453-59 X 3 °- 4 8 = i 3& 2 5 nearly. The number of dynes is 13825 x 25 = 345625 approxi¬ 
mately. ' ' 

Moment of Couple, Torque, or Twisting Motive can be expressed as the product 
of a force and a length. The dimensional formula is [FIT] or [_ML 2 T~ r }, 

Intensity of Stress is the ratio of the total stress to the area over which the 
stress is distributed. The dimensional formula is [Fir 2 ] or [M 

Intensity of Attraction, or “ Force at a Point,” is the force of attraction per 
unit mass on a body placed at the point. The dimensional formula is 
or ZLT~ 2 2, the saine as acceleration. 
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Absolute Force of a Center of Attraction, or “ Strength of a Center,” is the 

intensity of force at unit distance from the center, and is the force per unit mass 
at any point multiplied by the square of the distance from the center. The 
dimensional formula is or [X*Y 

Modulus of Elasticity is the ratio of stress intensity to percentage strain. The 
dimensional of percentage strain, a length divided by a length, is unity. Hence 
the dimensional formula of a modulus of elasticity is that of stress intensity 

iML-'n 

Work is done by a force when the point of application of the force, acting cm 
a body, moves in the direction of the force. It is measured by the product of 
the force and the displacement. The dimensional formula is j FI .) or ( M L ' J' 7 j. 

Energy. — The work done by the force produces either a change in the* veloc¬ 
ity of the body or a change of its shape or configuration, or both. In the lir^t 
case it produces a change of kinetic energy, in the second, of potential energy. 
The dimensional formulae of energy and work, representing quant it ten of the suite 
kind, are identical [MIJT 2 ], 

Resilience is the work done per unit volume of a body in distorting it to the 
elastic limit or in producing rupture. The dimensional formula is | ,1/ f* /* X, :r | 
or 

Power or Activity is the time rate of doing work, or if It* represents work and 
P power, P ® dw/dt. The dimensional formula is [ IIT 1 j or j M X 1 / 1 J, or for 
problems in gravitation units more conveniently [FLF r ], where F stands fur 
the force factor. 

Kxs. — land the number of granvems in one ft. pd, Hen* the units i»i f«»rtr .tie iln- .itu.it 
lion of the earth on the pound and the gram of matter. (In problems like tfio the term * "grain**" 
and “pd-” refer to force and not to mass.) The conversion factor in | jl j* when* f t% j, t tl f| t f 
l is 30.48. The answer is 453.50 X 30.48 138.15, 

Find the number of ft.-poundals in i000000 cm-dynes. Here m - 1 453 Vi» / - t 40.48, 
t - 1; « 1/453.5q x 30.48 2 , and 10 8 w/*r* ~ 10^/453.50 X 30.48* - 4-3, 

If gravity produces an acceleration of 32.j ft./mr./scr., how many will!** are retimed t«» make 
one horse-power? One horse-power is 550 ft. "pels. jn*r m 1 ., or 550 x ~ 1;yiu It |M<tind.tN 
per second. One watt is io 7 ergs per sec,, that Is, to 1 dyne-emu \**r an. The umvrmmn u t.»r 
is [w/ 2 r 3 ], where m is 453-50, L is 30.48, and l m *, and the result has In tr dividnl hy m\ the 
number of dync-cms per sec. in the watt. 17710 mPr*/io 1 - 1,710 . $;i -;*> , w<4 ^ uF 
- 746.3. 

HEAT UNITS. 

Quantity of Heat, measured in dynamical units, has the stum* dimensions as 
ene *gy [MX 2 2^ 2 ]. Ordinary measurements, however, are made in tkrmuil 
units, that is, in terms of the amount of heat required to raise the temperature 
of a unit mass of water one degree of temjrerature at Home .stated temfieratuns 
This involves the unit of mass and some unit of temj>eraUm\ If we denote 
temperature numbers by 8, the dimensional formula for quantity of brat, //, 
will be [MG], Unit volume is sometimes used instead of unit mum in the incite 
urement of heat, the units being called thermometrk units . The dimensional 
formula now changed by the substitution of volume for mass is [/Ao]. 
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. Specific Heat is the relative amount of heat, compared with water as standard 
substance, required to raise unit mass of different substances one degree in tem¬ 
perature and is a simple number. 

Coefficient of Thermal Expansion of a substance is the ratio of the change of 
length per unit length (linear), or change of volume per unit volume (voluminal), 
to the change of temperature. These ratios are simple numbers, and the change 
of temperature varies inversely as the magnitude of the unit of temperature. 
The dimensional formula is [0~ r ]. 

Thermal Conductivity, or Specific Conductance, is the quantity of heat, H, 
transmitted per unit of time per unit of surface per unit of temperature gradient. 
The equation for conductivity is therefore K = H/L 2 T9/L , and the dimen¬ 
sional formula [_I1/QLT~\ — [MLr 1 T~ r \ in thermal units. In thermometric 
units the formula becomes [Z/T” 3 ], which properly represents diffusivity, and 
in dynamical units [MLT~ z 9~ l ~\. 

Thermal Capacity is mass times the specific heat. The dimensional formula 
is [>/]. 

Latent Heat is the quantity of heat required to change the state of a body 
divided by the quantity of matter. The dimensional formula is [ [MQ/M2 or 
[[0]; in dynamical units it is [L 2 r~ 2 ]. 

Noth. —When 0 is given the dimensional formula the formulae in thermal and 

dynamical units are identical. 

Joule’s Equivalent, /, is connected with the quantity of heat by the equation 
- JII or JMO. The dimensional formula of J is ^L 2 r' 2 0 -1 J. In 
dynamical units / is a simple number. 

Entropy of a body is directly proportional to the quantity of heat it contains 
and inversely proportional to its temperature. The dimensional formula is 
j“if0/03 or JjIjT]. In dynamical units the formula is [_ML 2 T~ 2 Q~ r }. 

Kxs. — Find the relation between the British thermal unit, the large or kilogram-calorie 
and the small or gram-calorie, sometimes called the “therm.” Referring all the units to the 
same temperature of the standard substance, the British thermal unit is the amount of heat 
required to warm one pound of water x° C, the large calorie , 1 kilogram of water, i° C, the 
small calorie or therm, 1 gram, i° C. (1) To find the number of kg-cals. in one British thermal 
unit, m - .45359, 6 - 5/9; = -45359 X 5/9 = -25199- (2) To find the number therms in one 

kg-cal. m - 1000, and 6 = 1; tnd = 1000. (3) Hence the number of small calories or therms in 

one British thermal unit is 1000 x .25199 = 251.99. 

ELECTRIC AND MAGNETIC UNITS. 

A system of units of electric and magnetic quantities requires four funda¬ 
mental quantities. A system in which length, mass, and time constitute three 
of the fundamental quantities is known as an c ‘ absolute system. There are 
two absolute systems of electric‘and magnetic units. One is called the electro¬ 
static, in which the fourth fundamental quantity is the dielectric constant, and 
one is called the electromagnetic, in which the fourth fundamental quantity is 
magnetic permeability. Besides these two systems there will be described a 
third in common use called the “international” system. 


In the electrostatic system, unit quantity of electricity. {I i- the quantity 
which exerts unit mechanical force upon an equal quantity a unit distance from 
it in a vacuum. From this definition the dimensions and the units of all the 
other electric and magnetic quantities follow through the equations of the mathe¬ 
matical theory of electromagnetism. The mechanical force between two quan¬ 
tities of electricity in any medium is 

,, W 

“A'r* 

where K is the dielectric constant, characteristic of the medium, and > tlu* dis 
tance between the two points at which the quantities ami are located. A 
is the fourth quantity entering into dimensional expressions in the electrostatic 
system. Since the dimensional formula for force is [MU' - J, that for is 

The electromagnetic system is based upon the unit of the magnetic pole 
strength. The dimensions and the units of the other quantities are built up 
from this in the same manner as for the electrostatic system. Tlu- mechanical 
force between two magnetic poles in any medium is 

,, mm' 

* & ,» » 

jir 

in which fx is the permeability of the medium .and r is the distance between two 
poles having the strengths m and m'. /x is the fourth quantity entering into 
dimensional expressions in the electromagnetic system. It follows that the 
dimensional expression for magnetic pole strength is l .l/ s /, : /' ’^1 j. 

The symbols K and n are sometimes omitted in the dimensional formulae so 
that only three fundamental quantities appear. There are a number of objec¬ 
tions to this. Such formulae, give no information as to the relative magnitudes 
of the units in the two systems. The omission is equivalent to assuming some 
relation between mechanical and electrical quantities, or to a mechanaal expla¬ 
nation of electricity. Such a relation or explanation is not known. 

The properties K and fx are connected by the equation i V Am - v, where v 
is the velocity of an electromagnetic, wave. For empty space or for air, A and 
ix being measured in the same units, i/y/A'm * t\ where r is the velocity of 
light in vacuo, 3 X io 10 cm per sec. It is sometimes forgotten that the omission 
of the dimensions of A" or fx is merely conventional. For instance, magnetic 
field intensity and magnetic induction apparently have the same dimensions 
when ix is omitted. This results in confusion and difficulty in understanding the 
theory of magnetism. The suppression of fx has also led to the use of the "centi¬ 
meter as a unit of capacity and of inductance; neither is physically the same 
as length. 

ELECTROSTATIC SYSTEM. 

Quantity of Electricity has the dimensional formula A’*], as shown 

above. 

Electric Surface Density of an electrical distribution at any point on a surface 
is measured by the quantity per unit area. The dimensional formula in the ratio 
of the formulae for quantity of electricity and for area or £Jfcf* jT -1 



Electric Field Intensity is measured by the ratio of tin* force on a quantity 
of electricity at a point to the quantity of electricity. The dimensional 
formula is therefore the ratio of the formulae for force and electric quantity or 
f MLT *A*] or [Jf^L *7' 1 A * |- 

Electric Potential and Electromotive Force. Change of potential is propor¬ 
tional to the work done per unit of electricity in producing the change. The 
dimensional formula is the ratio of the formulae for work and electrical quantity 
or {M1?T */M*L*T 1 K r \ or 1 A' *J. 

Capacity of an Insulated Conductor is proportional to the ratio of the quan¬ 
tity of electricity in a charge to the potential of the charge. The dimensional 
formula is the ratio of the two formulae for electric quantity and potential or 
l Kt/M*iyr 1 A l]or[/,A']. 

Specific Inductive Capacity is the ratio of the inductive capacity of the sub* 
stance to that of a standard substance and therefore is a number. 

Electric Current is quantity of electricity flowing past a point per unit of 
time. The dimensional formula is lhe ratio of the formulae for electric quan¬ 
tity and for time or [d/l/Tf 1 K 1/7’’] or '■* A*’]. 

Electrical Conductivity, like the corresponding term for heal, is quantity per 
unit area per unit potential gradient per unit of time. The dimensional formula 
is [M*IN 1 K */ LYt 1 or [T 1 A], 

[Resistivity is the reciprocal id conductivity. The dimensional formula is 

LTK-'J 

Conductance of any part of an electric circuit, not containing a source of 
electromotive force, is the ratio of the current flowing through it to the difference 
of potential between its ends. The dimensional formula is the ratio of the for¬ 
mulae for current and potential or [,1/1/c7' 21 A* or \ LT 1 A], 

Resistance is the reciprocal id conductance. The dimensional formula is 

[/, n'K 

Kxs. Find the* factor for converting quantity of electricity expressed in ft. grain wnu 
to the same expressed in e.g.n. units. The formula in \m\l\t l Adj, in which m* ©.©648, 
l - ,40.48, / ». j t k ~ t; the factor in 0.0048! x 40.481, or 4 j«8. 

Find the factor required to convert electric potential from mm-mg-tur. units to e.gj. units. 
Tin* formula is [mi/ 1 / ij, in which m 0,001, / 0.1, t ~ t, k «• t; the factor is 0.001 4 

x 0.1 1 , or 0.01. 

Find the factor required to convert electrostatic capacity from ft. grain-sec. and mjk*uIk*- 
inductive capacity 6 units to e.g.a. units. 'Hie formula k [/J?J in which / - 40.48, k - <>; the 
fat*tor h .40.48 x 6, or iHa.88, 


electromagnetic: system. 

Many of the magnetic quantities are analogues of certain electric quantities. 
The dimensions of such quantities in the electromagnetic system differ from 

those of the corresponding electrostatic quantities in the electrostatic system 
only in the substitution of permeability jx for A. 
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Magnetic Pole Strength or Quantity of Magnetism has already been sh<> Wtl 
to have the dimensional formula [MU.'l ’M J- 

Magnetic Flux characterises the niapu-ti/.cd state of a magnetic o,v uit . 
Through a surface inclosing a magnetic pole it is proportional to the ««»««,<., ie 
pole strength. The dimensional formula is that tor magnetic pole strength. 

Magnetic Field Intensity or Magnetizing Force is the ratio of the fun,- » n ^ 
magnetic pole placed at the point and the magnetic pole strength. I he 
sional formula is therefore the ratio of_lhe formulae tor a fune and magiunie 
quantity, or [MLr-*/AlWT''n'] or | .UU. '‘T ^ 

Magnetic Potential or Magnetomotive Force at a point i. measured by t he 
work which is required to bring unit quantity of positive magnetism trum *er<> 
potential to the point. The dimensional formula is the utm o( the founular f t>r 
work and magnetic quantity, [ .1//-"/ \ MU.‘l 1 M' I °r i If'/- 5 / n 1 !• 


Magnetic Moment is the product of the pole strcngtli by the length of t he 
magnet. The dimensional formula is [,.!/*/. 7 'M' !■ 

Intensity of Magnetization of any portion of a magnetized body i» the i;it io 
of the magnetic moment of that portion and its volume. The dimendoixstl 
formula is IMWT-'fi*/ /,*] or \MU. 1 T •/*» |. 


Magnetic Induction is the magnetic ihi\ per unit of area taken peipendi. ul;ir 
to the direction of the magnetic flux. The dimensional formula is ;.!/»/.' /* j 

or [MIL-1 r-y*]. 

Magnetic Susceptibility is the ratio of intensity of magnet i alimt |tf»hu-ftl 
and the intensity of the magnetic Iteld producing it. '1‘he dimrn ional l»imtiln 
is [MIL - ' 1 T-'/il/vl/ 3 L' ! 7' '/t 1J or j n |. 

Current, /, flowing in circle, radius r. uvates nugn-)i. it. Id at its u iitrr, 
27 n r /r. Dimensional formula is product of formulae n*i mom-ii. it Id im. u -h y 
and length or [M i L 1 7’~ I /r'JJ. 


Quantity of Electricity is the product of the eiinent and time Mie dinu*r*~ 
sional formula is [M*7J/x'l]. 

Electric Potential, or Electromotive Force, as in the rlnit.i tali. >v4rm, in 
the ratio of work to quantity of electricity. The dimensional fmimila i • j 1/ ’*/ 

MUy 5 ] or [Jl/l7J7 v "V]. 


Electrostatic Capacity is the ratio of quantity of elrt Unity to ilnicrrm r of 
potential. The dimensional formula is [ /, 1 ’Pfi 1 j. 

Resistance of a Conductor is the ratio of the different e of |mtcntial i »**- 
tween its ends and the constant current (lowing. The dimensional foinmUt is 
[MiL3T v 'V/-M' i Ll7'-V" 5 J or \LT 'jtt J. 

Conductance is the reciprocal of resistance, and the dimensional founuht is 

[l-'Tm- 1 ]. 

Conductivity is the quantity of electricity transmitted jm-i unit aiea |ht unit 
potential gradient per unit of time. The dimensional formula is \ MUJfJt */ 
L*<M*IiT*nyL) T] or [L~ 2 7>r 1 ]. 
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Resistivity is the reciprocal of conductivity as just defined. The dimensional 
formula is [ L 2 T~ l ix]. 

Self-inductance is for any circuit the electromotive force produced in it by 
unit rate of variation of the current through it. The dimensional formula is 
the product of the formulae for electromotive force and time divided by that 
for current or x T -s- M^L^T~ l pr^~\ or [Tjifj. 

Mutual Inductance of two circuits is the electromotive force produced in one 
per unit rate of variation of the current in the other. The dimensional formula 
is the same as for self-inductance. 

Electric Field Intensity Is the ratio of electric potential or electromotive force 
and length. The dimensional formula is 

Magnetic Reluctance is the ratio of magnetic potential difference to magnetic 
flux. The dimensional formula is [ 'Lr l jjr *]. 

Thermoelectric Power is measured by the ratio of electromotive force and 
temperature. The dimensional formula is 

Coefficient of Peltier EfEect is measured by the ratio of the quantity of heat. 
and quantity of electricity. The dimensional formula is [ML?T ~ 2 /or 
the same as for electromotive force. 

Fxs. — Find the factor required to convert intensity of magnetic field from ft.-gram-min. 
units to c.g.s. units. The formula is m = 0.0648, / = 30.48, t = 60, and /x=i; 

the factor is 0.0648* X 30.48“"*, or 0.046108. 

How many c.g.s. units of magnetic moment make one ft.-grain-sec. unit of the same quan¬ 
tity? The formula is [wiJSr"WT w - 0.0648, Z« 30.48, t = i, and (x = 1; the number is 
0.0648! X 3048 s , or i 305 - 6 - 

If the intensity of magnetization of a steel bar is 700 in c.g.s. units, what will it be in mm* 
mg-sec.. units? The formula is m = 1000, l = 10, t = 1, /x = 1; the intensity is 

700 X 1000* X 10*, or 70000, 

Find the factor required to convert current from c.g.s. units to earth-quadrant-10 n gram- 
sec. units. The formula is [^/ryq; m = 10* l = io~ 9 , n ~ 1 ; the factor is 10V x io“l, 

or i°. ... i. a 

Find the factor required to convert resistance expressed in c.g.s. units into the same expressed 

in carth-quadrant-icT 11 gram-sec. units. The formula is pr 1 /*]; l = io“ 9 , *= 1, 1; the 

factor is io~°. 

FUNDAMENTAL STANDARDS. 

The choice of the nature of the fundamental quantities already made does 
not sufficiently define the system for measurements. Some definite unit or 
arbitrarily chosen standard must next be taken for each of the fundamental 
quantities. This fundamental standard should have the qualities of perma¬ 
nence reproducibility and availability and be suitable for accurate measures. 
Once chosen and made it is called the primary standard and is generally kept 
' at some central bureau, — for instance, the International Bureau of Weights 
and Measures at Sevres, France. A primary standard may also be chosen and 
made for derived units (e.g., the international ohm standard), when it is simply 
a standard closely representing the unit and accepted for practical purposes, 
its value having been fixed by certain measuring processes. Secondary or refer- 


ence standards are accurately compared copies, not necessarily duplicates, of 
the primaries for use in the work of standardizing laboratories and the produc¬ 
tion of working standards for everyday use. 

Standard of Length. — The primary standard of length which now almost 
universally serves as the basis for physical measurements is the meter. It is 
de.ined as the distance between two lines at o° C on a platinum-iridium bar 
deposited at the International Bureau of Weights and Measures. This bar is 
known as the International Prototype Meter, and its length was derived from 
the “metre des Archives,” which was made by Borda. Borda, Delambre, Laplace, 
and others, acting as a committee of the French Academy, recommended that 
the standard unit of length should be the ten-millionth part of the length, from 
the equator to the pole, of the meridian passing through Paris. In 1795 the 
French Republic passed a decree making this the legal standard of length, and 
an arc of the meridian extending from Dunkirk to Barcelona was measured by 
Delambre and Mechain for the purpose of realizing the standard. From the 
results of that measurement the meter bar was made by Borda. The meter is 
now defined as above and not in terms of the meridian length; hence subsequent 
measures of the length of the meridian have not affected the length of the meter. 

Standard of Mass. — The primary standard of mass now almost universally 
used as the basis for physical measurements is the kilogram. It is defined as 
the mass of a certain piece of platinum-iridium deposited at the International 
Bureau of Weights and Measures. This standard is known as the International 
Prototype Kilogram. Its mass is equal to that of the older standard, the “kilo¬ 
gram des Archives,” made by Borda and intended to have the same mass as a 
cubic decimeter of distilled water at the temperature of 4 0 C. 

Copies of the International Prototype Meter and Kilogram are possessed by 
the various governments and are called National Prototypes. 

Standard of Time. — The unit of time universally used is the second. It is 
the mean solar second, or the 86400th part of the mean solar day. It is founded 
on the average time required for the earth to make one rotation on its axis rela¬ 
tively to the sun as a fixed point of reference. 

Standard of Temperature. — The standard scale of temperature as adopted 
by the International Committee of Weights and Measures (1887) depends on 
the constant-volume hydrogen thermometer. The hydrogen is taken at an 
initial pressure at o c C of one meter of mercury, o° C, sea-level at latitude 45 0 . 
The scale is defined by designating the temperature of melting ice as o° and of 
condensing steam as ioo° under standard atmospheric pressure. This is known 
as the Centigrade scale (abbreviated C). 

A scale independent of the properties of any particular substance, and called 
the thermodynamic, or absolute scale, was proposed in 1848 by Lord Kelvin. 
In it the temperature is proportional to the average kinetic energy per molecule 
of a perfect gas. The temperature of melting'ice is taken as 273.13°, that of 
the boiling point, 373.13°. The scale of the hydrogen thermometer, varies from 
it only in the sense that.the behavior of hydrogen departs from that of a perfect 
gas/ It is'customary to refer to this scale as the Kelvin scale (abbreviated K). 
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NUMERICALLY DIFFERENT SYSTEMS OF UNITS. 

The fundamental physical quantities which form the basis of a system for 
measurements have been chosen and the fundamental standards selected and 
made. Custom has not however generally used these standards for the meas¬ 
urement of the magnitudes of quantities but rather multiples or submultiples of 
them. For instance, for very small quantities the micron (fx) or one-millionth 
of a meter is often used. The following table 1 gives some of the systems pro¬ 
posed, all built upon the fundamental standards already described. The centi¬ 
meter-gram-second (cm-g-sec. or c.g.s.) system proposed by Kelvin is the only 
one generally accepted. 


Table |. 

PROPOSED SYSTEMS OF UNITS- 



Weber 

and 

Gauss 

Kelvin 

c.g.s. 

Moon 

1891 

Giorgi 

MKS 

(Prim. 

Stds.) 

France 

1914 

B. A. 
Com., 
1S63 

Practical 
(B. A. 
Com., 
1873) 

Strout 

1891 

Length 

Mass 

Time 

mm 

mg 

sec. 

cm 

g 

sec. 

dm 

Kg 

sec. 

10 

m 

Kg 

sec. 

m 

IO 6 g 

sec. 

m 

g 

sec. 

io 9 cm 
10- 11 g 

sec. 

io 9 cm 

10“®g 

sec. 


Further the choice of a set of fundamental physical quantities to form the basis 
of a system does not necessarily determine how that system shall be used in 
measurements. In fact, upon any sufficient set of fundamental quantities, a 
great many different systems of units may be built. The electrostatic and elec¬ 
tromagnetic systems are really systems of electric quantities rather than units. 
They were based upon the relationships F = QQ F / Kr 2 and mw'/^ur 2 , respec¬ 
tively. Systems of units built upon a chosen set of fundamental physical quan¬ 
tities may differ in two ways: (i) the units chosen for the fundamental quanti¬ 
ties may be different; (2) the defining equations by which the system is built 
may be different. 

The electrostatic system generally used is based on the centimeter, gram, 
second, and dielectric constant of a vacuum. Other systems have appeared, 
differing from this in the first way, — for instance using the foot, grain and second 
in place of the centimeter, gram and second. A system differing from it in the 
second way is that of Heaviside which introduces the factor 47r at different 
places than is usual in the equations. There are similarly several systems of 
electromagnetic units in use. 

Gaussian Systems. — “The complexity of the interrelations of the units is 
increased by the fact that not one of the systems is used as a whole, consistently 
for all electromagnetic quantities. The £ systems’ at present used are therefore 
combinations of certain of the systems of units. ■ 

■l- Circular 60 of the Bhreau of Standards, Electric Units and Standard^, 1916. The subse¬ 
quent matter in this introduction is biased upon thfe circular. 


“Some writers 1 on the theory of electricity prefer to use what is ('ailed a Gaus¬ 
sian system, a combination of electrostatic units tor purely clot 11 ka 1 quantities 
and electromagnetic units for magnetic quantities, i here are I wo such Gaus¬ 
sian systems in vogue, - - one a combination of e.g.s. electrostatic and c.g.s elec¬ 
tromagnetic systems, and the other a combination of the two corresponding 
Heaviside systems. 

“When a Gaussian system is used, caution is necessary when an equation 
contains both electric and magnetic quantities. A factor expressing the latio 
between the electrostatic and electromagnetic units of one of the quantities 
has to be introduced. This factor is the first or second power of t , the number 
of electrostatic units of electric charge in one electromagnetic unit of the Nairn*. 
There is sometimes a question as tp whet her electric current G to be e\| uv^ed 
in electrostatic or electromagnetic units, since it has both electric and magnetic 
attributes. It is usually expressed in electrostatic units in the Gaussian system / 1 

It may be observed from the dimensions of K given in 'Table x that | i kfx J 
= [177*] which has the dimensions of a square of a velocity. This velocity 
was found experimentally to be equal to that of light, when K and pc were ex¬ 
pressed in the same system of units. Maxwell proved theoretically that 1 \/ Ape 
is the velocity of any electromagnetic wave. This was subsequently proved 
experimentally. When a Gaussian system is used, this equation becomes * \ hft 
= v. For the ether K ■- r in electrostatic units and pc 1 in electromagnetic 
units. Hence c = v for the ether, or the velocity of an electromagnetu wavr in 
the ether is equal to the ratio of the c.g.s. electromagnetic to the c.g.s, elrt fro 
static unit of electric charge. This constant c is of primary important e in dec 
trical theory. Its most probable value is 2. potto N to m centimeters per setund. 


“ Practical ” Electromagnetic System. 'This electromagnetic svstein is 
based upon the units of xo y cm, 10 11 gram, the sec, and pt uf the rthej. If Is 
never used as a complete system of units but is of interest as the Iminmal basis 
of the present International System. The principal quantities are the resistance 

unit, the ohm « io u c.g.s. units; the current unit, the ampere. m 1 c.g.s. units; 

and the electromotive force unit, the volt - io H c.g.s. units. 


The International Electric Units. The units used in practical measurements, 
however, are the “International Units.” They were derived from the ’‘practical" 
system just described, or as the latter is sometimes called, the "absolute" sys¬ 
tem. These international units are based upon certain concrete standard* pres 
ently to be defined and described. With such standards electrical comparisons 
can be more accurately and readily made than could absolute measurements in 
terms of the fundamental units. I wo electric units, the international ohm and 
the international ampere, were chosen and made as nearly equal as poHsihlc to 
the ohm and ampere of the “practical” or “absolute” system, 


1 For example, A. G. Webster, “Theory of Electricity and Magnetism/ 1 1897; j. If, Jriuw, 

“Electricity and magnetism,” 19 x 1 ; H. A. Lorcntt, “The Theory of Ktartml/ 1 i W ; «td 
O. W. Richardson, “The Electron Theory of Matter/* 1914 . 
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This system of units, sufficiently near to the “absolute 1 ’ system for the pur¬ 
pose of electrical measurements and as a basis for legislation, was defined as 
follows: 

i. The / niernai'umal Ohm is the resistance* offered to an unvarying electric 
current by a column of mercury at the temperature of melting ice, 14.4521 grams 
in mass, of a constant cross sectional area and of a length of 10O.400 centimeters, 

“2. The / nternational Ampere is the unvarying electric current which, when 
passed through a solution of nitrate* of silver in water, in accordance with sped 
heat ion II attached to these Resolutions, deposits silver at the rate of o.oomKoo 
of a gram per second. 

“4. The international Volt is the electrical pressure which, when steadily 
applied to a conductor the resistance of winch is one* international ohm will pro 
duce a current of one international ampere. 

“4. The /nternational Watt is the energy expended per second by an unvary• 
ing electric current of one international ampere under the pressure of one inter' 
national volt.” 

In accordance with these definitions, a value was established for the electro¬ 
motive force of the recognized standard of electromotive force, the Weston 
normal cell, as the result of international cooperative experiments in ipio. 'The 
value was 1.0184 international volts at 20° (\ 

The definitions by the 1 00K International Conference supersede certain defini¬ 
tions adopted by the International Electrical Congress at Chicago in 1804. Cer¬ 
tain of the units retain their Chicago definitions, however. They are as follows: 

“Coulomb, As a unit of quantity, the I nternational Coulomb, which is the 
quantity of electricity transferred by a current of one international ampere 
in one second. 

“ Farad* As a unit of capacity, the International Farad, which is the capacity 
of a condenser, charged to he a potential of one international volt by one 
international coulomb of electricity. 

“ Joule. As a unit of work, the Joule, which is equal to 10 7 units of work in 
the e.g.s. system, and which is represented sufficiently well for practical use 
by the energy expended in one second by an international am{K*rc in an 
international ohm. 

“ Henry . As the unit of induction, the Henry , which is the induction in a 
circuit when the electromotive force induced in this circuit is one interna¬ 
tional volt, while the inducing current varies at the rate of one ampere per 
second/* 

“The choice of the ohm and amj>ere as fundamental was purely arbitrary. 
These are the two quantities directly measured in absolute electrical measure’ 
ments. The ohm and volt have l>een urged as more suitable for definition in 
terms of arbitrary standards, l>ecause the primary standard of electromotive 
force (standard cell) has greater simplicity than the primary standard of current 
(silver voltameter). The standard cell is in fact used, together with resistance 
standards, for the actual maintenance of the units, rather than the silver vol¬ 
tameter and resistance standards. Again, the volt and ampere have some claim 
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for consideration for fundamental definition, both being unit* of quantities 
more fundamental in electrical theory than resistam e/' 

For all practical purposes the “international’* and the practical or “abs<>. 
lute” units are the same. Experimental determination of the ratios of the corres¬ 
ponding units in the two systems have 1 >een made and the mean i exults are 
given in Table 382. These ratios represent the accuracy with whit li it was possible 
to fix the values of the international ohm and ampere at the time they were 
defined (London Conference of ic>o8). It is unlikely that the ddmitioiK of the 
international units will be changed in the near future to make the agreement 
any closer. An act approved July 12, 1804, makes the International units as 
above defined the legal units in the United States of America. 

THE STANDARDS OF THE INTERNATIONAL ELECTRICAL 

UNITS. 

RESISTANCE 

Resistance. — The definition of the international ohm adopted by the London 
Conference in 1908 is accepted practically everywhere. 

Mercury Standards. — Mercury standards conforming to the definition were: 
constructed in England, France, Germany, Japan, Russia and the United States. 
Their mean resistances agree to about two parts in 100poo. To attain this 
accuracy, elaborate and painstaking experiments were mvrssary. Tultrs are 
never quite uniform in cross-section; the accurate measurement of the m;i« of 
mercury filling the tube is difficult, partly because of a surface film on the walls 
of the tube; the greatest refinements are necessary in determining the length of 
the tube. In the electrical comparison of the resistance with wire standards, 
the largest source of error is in the filling of the tube. These and other sources 
of error necessitated a certain uniformity in the setting up of mercury standards 
and at the London Conference the following specifications were drawn up: 

SPECIFICATION RELATING TO MERCURY STANDARDS OK RESISTANT K. 

The glass tubes used for mercury standards of resistance must k* made of a mih that 
the dimensions may remain as constant as possible. The ink's must l*c well annealed m 4 straight. 
The bore must be as nearly as possible uniform and circular, and the area <»f rr«« section of the 
bore must be approximately one square millimeter. The mercury must have n rmbtamr *.f 
approximately one ohm. 

Each of the tubes must be accurately calibrated. The correct itm to k« applied tu allow for 
the area of the cross-section of the bore not being exactly the mine at nil parts of the f ulr tnml 
not exceed 5 parts in 10,000. 

The mercury filling the tube must he considered m knmded by plane surface pin rtf m 
contact with the ends of the tube. 

The length of the axis of the tube, the mass of mercury the ink* contains, and the elect raid 
resistance of the mercury are to be determined at a temperature as near to m jimdbfr. 
The measurements are to be corrected to o ft C. 

* ^ or the purpose of the electrical measurements, end vessels carrying eon net l ions for the 
current and, potential terminals are to be fitted on to the tube. Them- end vessels arr to lie 
spherical in shape (pf a diametpr of approximately four centimeters) and should have cylindrical 
pieces attached to make cohnectidhs with the tubes. The outside edge of each end of the tube 
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, : ’ t „ mnCr ? Urt r ° E thC C ° rrCSp0ndin S end —el. The leads which make 

;;;r™* aru ;° ,u ,° f u r plalinum wire fused 51110 ^ <* 

2 “ .‘‘ n ' ' U! md0f th0 tubc arc 10 be at 0 PP^ite ends of a diameter of the bulb; 
■tt r, !r V C ,m y belWL ' en these tW0 P° lnls ' All the leads must be so thin 
1 m r ,1 . ? lhe ,r ,SlanC ° I! i intr0duced throu S h induction of heat to the mercury. The 

11 . K of he tube with mercury for the purpose of the resistance measurements must be earned 
out imclt r th( same conchlions as the tilling for the determination of the mass. 

I he resistance which has to he added to the resistance of the tube to allow for the effect of 
the end vessels is to be calculated by the formula 


A 0.80 / I I \ 

d " I o63rU + r 2 ) 0hm ’ 

where n and r 3 are the radii in millimeters of the end sections of the bore of the tube. 

The mean of flic calculated resistances of at least five tubes shall be taken to determine the 
value of the uml of resistance. 

For Hie purpose of the comparison of resistances with a mercury tube the measurements 
shall be made with at least three separate fillings of the tube. 

Secondary Standards. — Secondary standards, derived from the mercury 
standards and used to give values to working standards, are certain coils of 
nunganin wire kept in the national laboratories. Their resistances are adjusted 
to correspond to the unit or its decimal multiples or submultiples. The values 
assigned to these coils are checked from time to time with the similar coils of 
the other countries. TLhe value now in use is based on the comparison made 
at the U. S, Bureau of Standards in 1910 and may be called the “19x0 ohm.” 
Later measurements on various mercury standards checked the value then used 
within 2 parts in xoo,ooo. Thus the basis of resistance measurement is main¬ 
tained not by the mercury standards of a single laboratory, but by all the mer¬ 
cury standards of the various national laboratories; it is furthermore the same 
in all countries, except for very slight outstanding discrepancies due to the 
errors of measurement and variations of the standards with time. 


Resistance Standards in Practice. — In ordinary measurements, working 
standards of resistance arc usually coils of manganin wire (approximately 84 
per cent Cu •+■ 12 per cent Mn + 4 per cent Ni). They are generally used in oil 
which carries away the heat developed by the current and facilitates regulation 
and measurement of the temperature. The best type is inclosed in a sealed case 
for protection against atmospheric humidity. Varying humidity changes the 
resistance of open coils often to several parts in 10,000 higher in summer than 
in winter. While scaled 1 ohm and o.x ohm coils may remain constant to about 
1 part in 100,000. 

Absolute Ohm. — The absolute measurement of resistance involves the pre¬ 
cise determination of a length and a time (usually an angular velocity) in a 
medium of unit permeability. Since the dimensional formula of resistance in 
the electromagnetic system is \_L\xlT~\, such an absolute measurement gives R 
not in cm/sec. but in cm X /t/sec. The definitions of the ohm, ampere and 
volt by the 1908 London conference tacitly assume a permeability equal to 
unity. The relation of the international ohm to <the absolute ohm has befeh 
measured in different ways involving revolving coil, revolving disk, and alter¬ 
nate current methods. Probably the most accurate determination was made 




in 1913 by F. E. Smith of the National Physical Laboratory of England, using 
a modification of the Lorentz revolving disk method. His result «,!■> 

1 international ohm 1.0005.? * 0.00004 absolute ohms, 

or, in other words, while one international ohm is represented by a men tirv 
column 106.300 cm long as specified above, one absolute ohm requires a similar 
column x06.245 cm long. Table 505 of the oth r<'vised edition of those tables 
contains data relative to the various determinations of the ohm. 
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The Silver Voltameter. 'File silver voltameter is a com rote mean. <>t men-,- 
uring current in accordance with the definition of the international ampeie. ,\s 
used for the realization of the international ampere "it tombm <>t a platinum 
cathode in the form of a cup holding the silver nitrate solution, a - iKet anode 
partly or wholly immersed in the solution, and some means to pieu-nt anode 
slime and particles of silver mechanically detached fmm the anode fmm te.n h 
ing the cathode. As a standard representing the international ampeie, tin- 
silver voltameter includes also the chronometer used to measure time, Tin- 
degree of purity and the mode of preparation of the various parts of the vo! 
tameter affect the mass of the deposit. There tire numerous sunn es of error, and 
the suitability of the silver voltameter as a primary standard of uun-nt has 
been under investigation since 1K03. Differences of as much as o.t per c.-nt or 
more may be obtained by different procedure's, the larger difference, being 
mainly due to impurities produced in the electrolyte thy filter paper, for instance). 
Hence, in order that the definition of current he precise, it must be at. ompauieci 
by specifications for using the voltameter." 

The original specifications were recognized to be inadequate ami an inlet 
national committee on electrical units and standards was apjminted to com¬ 
plete the specifications. It was also recognized that in practice standard tells 
would replace secondary current standards so that a value must be fixed for the 
electromotive force of the Weston normal cell. This was attempted in a! 
the Bureau of Standards by representatives of that institution together with 
one delegate each from the Physikalische-Technische Rcielumstnit, The National 
Physical Laboratory and the Laboratoire Centra! d'Klectriuto. Voltameters 
from all four institutions were put in scries under a variety of e.xjK'rimenlal con- 
dxtions. Standard Weston cells and resistance standards of the four lalK.rutories 
were also mtcrcomparcd. From the joint comparison of standard cells and 
silver voltameters particular values were assigned to the standard cells from 
each laboratory The different countries thus have a common basis of measure¬ 
ment maintained by the aid of standard cells and resistance standards derived 
xrom the international voltameter investigation of ic^io. 

r n0t u 0Und P0S t ble . t0 draw up satisfactor y final siH-cifications for 

the silver voltameter. Provisional specifications were submitted by the U. S 

Bureau of Standards and more complete specifications have l«en proposed in 
correspondence between the national laboratories and members o the inter- 
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national committee since uyio, but no agreement upon final specifications has 
yet been reached. 

Resistance Standards Used in Current Measurements. -— Precise measure¬ 
ments of currents .require a potentiometer, a standard cell and a resistance 
standard. Ihe resistance must be so designed as to carry the maximum current 
without undue heating and consequent change of resistance. Accordingly the 
resistance metal must have a small temperature resistance coefficient and a 
sufficient area in contact with the air, oil, or other cooling fluid. It must have 
xr small thermal electromotive force against copper. Manganin satisfies these 
conditions and is usually used. The terminals of the standard must have suffi¬ 
cient contact area so that there shall be no undue heating at contacts. 1 It must 
he so designed that the current distribution does not depend upon the mode of 
connection to the circuit. 

Absolute Ampere. The absolute ampere (io'~ 1 c.g.s. electromagnetic units) 
differs by a negligible amount from the international ampere. Since the dimen¬ 
sional formula of the current in the electromagnetic system is which 

is equivalent to (./•**, the absolute measurement of current involves funda¬ 
mentally the measurement of a force in a medium of unit permeability. In most 
measurements of high precision an electrodynamometer has been used of the 
form known as a current balance. A summary of the various determinations 
will he found in 'Fable 203 of the 6th Revised Edition of these tables. 

The best value is probably the mean of the determinations made at the U. S. 
Bureau of Standards, the National Physical Laboratory and at the University 
of Groningen, which gives 

t international ampere » o.qpqqi; absolute ampere. 

The separate values were o.ooq<) 2, 0.99988 and o.<)<)t)<)4, respectively. “The 
result may also be expressed in terms of the electrochemical equivalent of silver, 
which, based on the ‘ tot© mean voltameter/ thus equals 0.00111810 g per 
absolute coulomb. By the definition of the international ampere, the value is 
o.oot nBoo g per international coulomb.” 

KI«RC!TR OMOTIVE FORCE. 

International Volt — “ The international volt is derived from the interna¬ 
tional ohm and ampere by Ohm’s law. Its value is maintained by the aid of the 
Weston normal cell The national standardizing laboratories have groups of 
such rolls, to which values in terms of the international ohm and ampere have 
been assigned by international experiments, and thus form a basis of reference 
for the standardization of the standard cells used in practical measurements.” 

Weston Normal Ceil. -The Weston normal cell is the standard used to 
maintain the international volt and, in conjunction with resistance standards, 
to maintain the international ampere. The cell is a simple voltaic combination 

* Her “Report to the International Committee on Electrical Units and Standards/' 1912, p. 
199. For the Bureau of Standards investigations see Bull Bureau of Standards, 9, pp. 209, 493; 
to, p. 475, 191304; 13, p. 147, msi 9, P* * 5 U *9*2; 13, pp. 447. 479 , 1916. 



having its anode or negative electrode of cadmium amalgam, consisting of 10 
per cent by weight of cadmium and 90 per cent mercury. The cathode, or posi¬ 
tive electrode, is pure mercury covered with a paste consisting of mercurous 
sulphate, cadmium-sulphate crystals, and solution. The electrolyte is cadmium- 
sulphate solution in contact with an excess of cadmium-sulphate crystals. The 
containing vessel is of glass, usually in the H form. Connection is made to the 
electrodes by platinum wires sealed into the glass. The cells arc sealed, pref¬ 
erably hermetically, and in use are submerged in a constant-temperature oil 
bath. The resistance of a cell is about 600 to 1000 ohms. The Weston cell used 
with potentiometers is not the Weston normal cell, but differs from it only slightly, 
the cadmium-sulphate solution not being saturated. It is described in the next 
section below. 

One of the great advantages of the Weston normal cell is its small change of 
electromotive force with change of temperature. At any temperature, t (centi¬ 
grade), between o° and 40°, Et = E20 — 0.0000406 (t — 20) — 0.00000095 {t — 20) 2 
+ 0.00000001 (if — 20) 3 . This temperature formula was adopted by the London 
conference of 1908. That this formula may apply, the cell must be of a strictly 
uniform temperature throughout. One leg of the cell has a large positive and 
the other leg a large negative temperature coefficient. If the temperature of 
one leg changes faster than the other, the formula does not hold. 

When the best of care is taken as to purity of materials and mode of procedure, 
Weston normal cells are reproducible within 1 part in 100,000. The source of 
the greatest variations has probably been in the mercurous sulphate. Cells using 
the best samples of this material have an electromotive force the constancy of 
which over a period of one year is about 1 part in 100,000. Only very meager 
specifications for the cell have as yet been agreed upon internationally, how¬ 
ever, and the procedures in various laboratories differ in some respects. 1 

The basis of measurements of electromotive force is the same in all coun¬ 
tries as the result of the joint international experiments of 1910. As already 
stated, a large number of observations were made at that time with the silver 
voltameter, and a considerable number of Weston normal cells from the na¬ 
tional laboratories of England, France, Germany and the United States were 
compared. From the results of these voltameter experiments and from resist¬ 
ance measurements, the value 

1.0183 international volts at 20° C 

was assigned to the Weston normal cell. A mean of the groups of cells from the 
four laboratories was taken as most accurately representing the Weston normal 

1 For the preliminary specifications which have been issued and the reports of the various 
investigations on the standard cells see the following references: Preliminary specifications, 
Wolff and Waters, Bull. B. of S. 3, p. 623, 1907; Clark and Weston Standard Cells, Wolff and 
Waters, ditto, 4, p. 1, 1907; Temperature formula of Weston Standard Cell, ditto, 5, p. 309 
1908; The materials, reproducibility, etc., of the Weston Cell, Helctt, Phys. Rev. 22’ p. 32 1, 
1906; 23, p. 166, 1906; 27, pp. 33, 337, 1908; Mercurous sulphate, etc., Steinwehr* Zs. fiir 
Electroch. 12, p. 578, 1906; German value of cell, Jaeger and Steinwehr, ditto, 28, p. 367 roo8- 
National Physical Laboratory researches, Smith, Phil. Trans. 207, p. 393, 1908; On the Weston 
Cell, Haga and Boerema, Arch. Neerland, des Sci. Exactes, 3, p. 324, 1913. 
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cell, Fach laboratory has means of preserving the unit. Any discrepancies 
between the bases of the different countries at the present time would be due 
only to possible variations in the reference cells of the national laboratories. 
Such discrepancies are probably less than 2 parts in 100,000. 

The figure 1.0183 has been in use since January i, 1911. The value used in 
the United States before 1911, 1.019126 at 20° C or 1.0189 at 25 0 C, was as¬ 
signed to a certain group of cells maintained as the standard of electromotive 
force at the Bureau of Standards. The high value is partly due to the use of 
commercial mercurous sulphate in the cells. The old and the new values, 1.01926 
and 1.0183, thus apply to different groups of cells. The group of cells to which 
the value 1.019126 was assigned before 1910 differed by 26 microvolts from the 
mean of the international group, such that the international group to which the 
value 1.0183 is now assigned had the value 1.0191264-0.000026, or 1.019152, 
in terms of the old United States basis. The difference between 1.019152 and 
1.0183 is 0.000852. 

The electromotive force of any Weston cell as now given is therefore 0.000852 
volt smaller than on the old United States basis, i.e., the present international 
volt is 84 parts in 100,000 larger than the old international volt of the United 
States. 

Upon the new international basis the Clark cell set up according to the old 
United States legal specifications has an emf of 1.43280 international volts at 
15 0 C. The Clark cell set up (with specially purified mercurous sulphate) accord¬ 
ing lo improved specifications used at the Bureau of Standards has an emf of 
1.43250 international volts at 15 0 C or 1.42637 at 20° C. 

Portable Weston Cells. — The standard cell used in practice is the Weston 
portable cell. It is like the Weston normal cell except that the cadmium-sulphate 
solution at ordinary temperatures is unsaturated. As usually made, the cad¬ 
mium-sulphate solution is saturated at about 4°C; at higher temperatures the 
crystals are dissolved. Plugs of asbestos or other material hold the chemicals 
in place. Its resistance is usually about 200 to 311 ohms. The change of emf, 
wholly negligible in most electrical measurements, is less than 0.00001 volt 
per degree C. The two legs of the cell have large and opposite temperature 
coefficients so that care must be taken that the temperature of the cell is kept 
uniform and the cell must be protected from draughts or large changes of tem¬ 
perature. The electromotive force of a portable cell ranges from 1.0181 to 
1.0191 international volts and must be determined by comparison with stand¬ 
ards. It decreases very slightly with time, usually less than 0.0001 volt per 

year. ^ . 

Absolute and Semi-absolute Volt. — Since the direct determination of the 
volt in absolute measure presents great difficulties, it is derived by Ohm’s law 
from the absolute measures of the ohm and ampere. From the absolute values 

of these already given, 

1 international volt = 1.00043 absolute volts. 

The electromotive force of the Weston normal cell at 2o°C is 1.01830 interna¬ 
tional volts and 1.01874 absolute volts. A semi-absolute volt is that potential. 


difference which exists between the terminals of a resistance of one international 
ohm when the latter carries a current of one absolute ampere. The emf of the 
Weston normal cell may be taken as 1.01821 semi-absolute volts at 20 

QUANTITY OF Kl.KC 1'RK‘in . 

The international unit of quantity of electricity is the coulomb. The faraday 
is the quantity of electricity necessary to liberate 1 gram equivalent in electroU 
sis. It is equivalent, to 1)6,500 coulombs. 

Standards. — There are no standards of electric quantity. The silver voltam 
eter may be used for its measurement since under ideal condition** the m;e^ 
of metal deposited is proportional to the amount of electricity whit h ha . flowed. 


CAPACITY. 

The unit generally used for rapacity is the international microfarad nr the 
one-millionth of the international farad. Capacities are commonly mranuvd 
by comparison with standard capacities. The values of the standards an* dr 
termined by measurement in terms of resistance and time. The standard is 
some form of condenser consisting of two sets of metal plates %ep;uafr*i hv a 
dielectric. The condenser should be surrounded by a metal shield unmet ted to 
one set of plates rendering the capacity independent of the surrounding. An 
ideal condenser would have a constant capacity under all eircumsfam e%, with /rio 
resistance in its leads and plates, and no absorption in the dieieetrh . \iinal 
condensers vary with the temperature, atmospheric pressure, and the \oltagc, 
frequency, and time of charge and discharge. A well-constructed air «ondcoNcr 
with heavy metal plates and suitable insulating supports is practically free from 
these effects and is used as a standard of rapacity. 

Practically air condenser plates must be separated by 1 mm or inon ami mi 
cannot be of great capacity. I he more the capacity is increased hv approach 
ing the plates, the less the mechanical stability and the less constant the <apat , 
ity. Condensers of great capacity use solid dielectrics, preferably mini 4 iwis 
with conducting plates of tinfoil. At constant tempvmnrv the best mlm am 
densers are excellent standards. The dielectric absorption is small but nm quitr 
zero, so that the capacity of these standards with different method* of measure* 
ment must be carefully determined. 

INlHfCTANUK. 

The henry, the unit of self-inductance, is also the unit of mutual inductance. 
The henry has been known as the “quadrant ” and the " set-ohm.'* The length 
of a quadrant or quarter of the earth’s circumference is approximately uf cm*, 
and a henry is 10 9 cms. of inductance. Secohm is a com ruction of second amt 

ohm; the dimensions of inductance are [ 77 J] and this unit is bused on the 
second and ohm. 

Inductance Standards. - Inductance standards art- measured in international 
units in terms of resistance and time or resistance ami capacity by alternate- 



current bridge methods. Inductances calculated from dimensions are in abso¬ 
lute electromagnetic units. The ratio of the international to the absolute henry 
is the same as the ratio of the corresponding ohms. 

Since inductance is measured in terms of capacity and resistance by the bridge 
method about as simply and as conveniently as by comparison with standard 
inductances, it is not necessary to maintain standard inductances. They are 
however of value in magnetic, alternating-current, and absolute electrical meas¬ 
urements. A standard inductance is a circuit so wound that when used in a 
circuit it adds a definite amount of inductance. It must have either such a 
form or so great an inductance that the mutual inductance of the rest of the 
circuit upon it may be negligible. It usually is a wire coil wound all in the same 
direction to make self-induction a maximum. A standard, the inductance of 
which may be calculated from its dimensions, should be a single layer coil of 
very simple geometrical form. Standards of very small inductance, calculable 
from their dimensions, are of some simple device, such as a pair of parallel wires 
or a single turn of wire. With such standards great care must be used that the 
mutual inductance upon them of the leads and other parts of the circuit is negli¬ 
gible. Any inductance standard should be separated by long leads from the 
measuring bridge or other apparatus. It must be wound so that the distributed 
capacity between its turns is negligible; otherwise the apparent inductance will 
vary with the frequency. 


POWER AND ENERGY. 

Power and energy, although mechanical and not primarily electrical quanti¬ 
ties, are measurable with greater precision by electrical methods than in any 
other way. The watt and the electric units were so chosen in terms of the e.g.s. 
units that the product of the current in amperes by the electromotive force in 
volts gives the power in watts (for continuous or instantaneous values). The 
international watt, defined as “the energy expended per second by an unvarying 
electric current of one international ampere under an electric pressure of one 
international ¥011,“ differs but little from the absolute watt. 

Standards and Measurements..- No standard is maintained for power or 

energy. Measurements are always made in electrical practice in terms of some 

of the purely electrical quantities represented by standards. 

MAGNETIC UNITS. 

C.G.S. units are generally used Jor magnetic quantities. American practice 
is fairly uniform in names for these units: the e.g.s. unit of magnetomotive force 
is called the “gilbert/ 1 of reluctance, the “oersted,” following the provisional 
definitions of the American Institute of Electrical Engineers (1894). The e.g.s. 
unit of flux is called the “maxwell” as defined by the 1900 Paris conference. 
The name “gauss” is used unfortunately both for the unit of induction (A.I.E.E. 
1894) and for the unit of magnetic field intensity or magnetizing force. “This 
double usage, recently sanctioned by engineering societies, is based upon the 
mathematical convenience of defining both induction and magnetizing orce 
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as the force on a unit magnetic pole in a narrow cavity in the material, the cavity 
being in one case perpendicular, in the other parallel, to the direction of the 
magnetization: this definition however applies only in the ordinary electro¬ 
magnetic units. There are a number of reasons for considering induction and 
magnetizing force as two physically distinct quantities, just as electromotive 
force and current are physically different.” 

In the United States “gauss” has been used much more for the c.g.s. unit of 
induction than for the unit of magnetizing force. The longer name of “max¬ 
well per cm 2 ” is also sometimes used for this unit when it is desired to distin¬ 
guish clearly between the two quantities. The c.g.s. unit of magnetizing force 
is usually called the “gilbert per cm.” 

A unit frequently used is the ampere-turn. It is a convenient unit since it 
eliminates 47r in certain calculations. It is derived from the “ampere turn per 
cm.” The following table shows the relations between a system built on the 
ampere-turn and the ordinary magnetic units. 1 


Table [[. 


THE ORDINARY AND THE AMPERE-TURN MAGNETIC UNITS- 


Quantity 

I 

Ordinary 

magnetic 

units. 

Ampere-turn 

units. 

Ordinary 
units in 1 
ampere- 
turn unit 

Magnetomotive force 

3 F 

Gilbert 

Ampere-turn 

47 r/io 

Magnetizing force 

H 

Gilbert per 

Ampere-turn per 

47t/io 



cm. 

cm. 


Magnetic flux 

$ 

Maxwell 

Maxwell 

1 

Magnetic induction 

B 

f Maxwell per 

f Maxwell per cm. 2 

1 



\ cm. 2 Gauss 

\ Gauss 


Permeability 

M 



1 

Reluctance 

R 

Oersted 

/ Ampere-turn per 

47 r/io 




\ Maxwell 


Magnetization intensity 

J 


Maxwell per cm. 2 

1/47r 

Magnetic susceptibility 

K 



1/47r 

Magnetic pole strength 

m 


Maxwell 

1/47r 


1 Dellinger, International System of Electric and Magnetic Units, Bull. Bureau of Standards 
13. p. 599 ? 1916. 
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SPELLING AND ABBREVIATIONS OF THE COMMON UNITS OF WEIGHT AND Ml AfUIRt . 

The spelling of the metric units is that adopted by the International tVmmitPv on Wrights 
and Measures and given in the law legalizing the metric system m the Imtol • tat.-. u.Soo). 
The period is omitted after the metric abbreviations but not alter those nt the < ustom.u s >v stem. 
The exponents and are used to signify area and volume rcspei lively >u the metrn units. 
The use of the same abbreviation for singular and plural is recommended. It i-. •ugg.'Mv.l 
that only small letters be used for abbreviations except m the i ascot A. h.i aue, vvhete he um- 
of the capital letter is general. The following list is taken from urailar V; ot the 1 . .v Hute.ui 
of Standards. 


Unit. 

Abbrcw iation 

\ nit 

\bl tr\ 

acre 

A 

kilogram 

k« 

are 

a 

kiloliter 

U 

avoirdupois 

av. 

kilometer 

km 

barrel 

bbl. 

link 

II , 

H 

board foot 

bd. ft. 

liquid 

bushel 

Im. 

liter 

i ! 

carat, metric 

c 

meter 

m 

centare 

ca 

metric ton 

f 

centigram 

eg 

micron 

M 

centiliter 

cl 

mile 

mi, 

centimeter 

cm 

milligram 

nig 

chain 

ch. 

milliliter 

ml 

cubic centimeter 

cm 51 

millimeter 

mm 

cubic decimeter 

dm 3 

millimicron 

mj.i ; 

cubic dekameter 

dkm 3 

minim 

mm or 111 

cubic foot 

cu. ft. 

ounce 

O/, 8 

cubic hectometer 

hm 3 

ounce, ujwUhecarieH* 

0/ ,tp. or 5 

cubic inch 

cu. in. 

ounce, nvoirtlupok 

0/., ,n. 

cubic kilometer 

km 3 

ounce, fluid 

ll 0/., 

cubic meter 

m 3 

ounce, troy 

*»/ i 

cubic mile 

cu. mi. 

jxrck 

pb. 

cubic millimeter 

mm* 

pennyweight 

dwt 

cubic yard 

cu. yd. 

pint 

I 11 ’ 1 

decigram 

dg 

jxmml 

ti. 1 

deciliter 

ell 

jxmml, a|HUliecarirH s 

Ih, »q«. 

decimeter 

dm 

jxmml, avoirdujxuH 

!!». av. 

decistere 

ds 

jxmml, troy 

!h t. 

dekagram 

dkg 

quart 

qf. 

dekaliter 

dkl 

real 

rd 

dekameter 

dkm 

scruple, u|x>thmtrieH ( 

4 fi, or M 

dekastere 

dks 

square centimeter 

4 in 3 

dram 

dr. 

square chain 

ill. 

dram, apothecaries’ 

dr. an. or 5 

square decimeter 

dm 1 

dram, avoirdupois 

dr. av, 

square dekameter 

dkm 1 

dram, fluid 

fl. dr. 

square foot 

5XJ ft 

fathom 

fath. 

square hectometer 

hm* 

foot 

ft. 

square inch 

**q hi. 

firkin 

fir. 

square kilometer 

km* 

furlong 

fur. 

square meter 

iti s 

gallon 

gal 

square mile 

im| fili. 

grain 

gr. 

square millimeter 

nun 1 

gram 

f 

square rwl 

wp r«l. 

hectare 

ha 

square yard 

wj. yd 

hectogram 

hg 

store 

H 

hectoliter 

hi 

ton 

tn. 

hectometer 

hm 

ton, metrn* 

t 

hogshead 

hhd. 

trov 

t. 

hundredweight 

inch 

cwt. 

in. 

yard 

>■'!• 
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Conversion Factors. 

To change a quantity from one system of units to another: substitute in tin* corresponding 
conversion factor from the following tabic the ratios of the magnitudes of the oM units to the 
nnv and multiply the old quantity by the resulting number, For example: to reduce velocity 
in miles per hour to feet per second, the conversion factor is It l ; l 5280/1, t-* 36©o/i, anti 
the factor is 5280/3600 or 1,467, (>t w*» m;tv proeeed as follows: e, g,, to hud tin* equivalent of 

1 e.g.s. unit of angulat momentum in the pd.ft.m. turn, Horn the I'ahle t g < m’vVt, lb. ft.Vmin, 
where a is the factor sought. Solving, t ig/lb, - emVH.’* 5 x min /mm . t * .004205 - onto, O 
X (>0 -.Of 1014,’5. 

'Hie dimensional formula* lack one quality whirh is needed fm completeness, an indication <4 
their \eetni t liaiaeteristics; such t h;u aeteristics distinguish plane and solid angle, {toque and 
energy, illumination and btightuess. 

(<i) FrNtUMENTAh UNITS. 

The fundamental units and conversion fm tors in the systems of units rtuM commonlv used 
are: Length [/ j; Mass (w |; im<* [ / 1 ; Temperature [ 0 ); and for the elet hostutu system, 
Dielectric Uonstam [A*]; for the electromagnetic system, Permeability J ju |, lire formulae 
will also be given for the International System of electric and magnetic units based on the units 
length, resistance [ rj, current (Y]» and time. 

t h) Iq.ujvim Units. 



t *» 

river* km 1 



( wrvmhm 

f 

Name of utuf. 

fat l«ir. j 

[ m*tw* 1 | 

Nhsmr uf units. 


1 ,»t tor 


tUromrtrftid ami 

tlyttitmhAl i 



! 

(Heat ,uul light.) 






1 

,v 



1 

V 

1 

V 

Area, surface, . , 

n 

2 

0 

t/uantit v of heat; 





Volume........ 

0 

8 

0 

thermal units..,. 

1 

0 

0 

t 

Angle.,. ... 

n 

0 

0 

thermometric units. 

0 

A 

O 

t ! 




dynamit al tmit h . . . 

i 

j 


0 

Solid angle....... , 

n 

0 

a 





Curvature,. . ,,, 

1 1 

- 1 

i% 

Coefficient of thermal 





Angular velocity. 

t » 

0 

f 

expansion. .... . 

0 

0 

0 

• 1 : 

Linear velocity 

n 

t 

t 

Thermal conductivity: 




j 

Angular acceleration.. 
Linear acceleration .. 

n 

0 

- 4 

thermal units,, . 

! 

- 1 

“ 1 

0 i 

0 

i 

1 

thmnomrtrsc units 








or diflusivity 

U 

4 

- r 

0 i 

Density. . 



O 

dynamical units. . 

I 

i 

» A 

« i 

Moment of inertia. ,,. 

t 

4 

O 

Thermal capacity . 





Intensity of at tract ion.. 

0 

t 

i 

1 

" 

0 

0 > 

Momentum, .......... 

1 

t 

t 

Latent heat: 




1 

Moment of momentum. 

i 

j 

l 

thermal unit# . , 

O 

O 

a 

1 

Angular momentum . . . 

i 

j 

t 

dynamical units. . . 

Cl 

J 

- i 

0 | 

Force.. . ,.... 

Moment of couple, 

$ 

t 

} 

Joule's cquivitlenl , 

Kntrojjy : , 

0 

J 


. ! 

! 

i 

torque, ...... 

t 

j 

4 




1 

Work, energy . . 


} 

j 

! 

heat m thermal unit* 

heat in dynamical 

t 

fp 

0 

Cl | 

Lower, activity....... 

f 

t 

1 

urtiU.,. 

* 

J 

4 

1 

Intensity of strew 

i 


- 4 






Modulus of elasticity. ,» 

i 

,,, | 

i 

Luminous intensity.,.. 

0 

n 

j O 

l* 




1 Ihmdmttion., 

Cl 

»* 

f* 

1 * 



t 


Hr ightuc** 

n 

;* 

! 0 

!* 


1 

*>- 1 

J 

Violtllitv,............. 

*1 

2 

3 

1 

1 * 

Vi«tfMStv . .* . . . 

i 

•« t 

■ t 

Luminous Htkieney,,., 

l 

•" m 

t* 
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